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PREFACE 


This  book  ia  Intended  primarily  as  a  classroom  training  text  far  NRQTC 
and  OCS  students.  Other  principal  users  will  be  officers  enrolling  in  ihe 
correspondence  course  based  on  this  text,  and  NROS  students. 

This  is  the  second  volume  of  a  three-volume  series  dealing  with  naval 
weapons.  The  first  volume,  Principles  of  Naval  Ordnance  and  Gunnery, 
NavPcrs  10^33-A,  deal  £  with  shipboard  naval  weapons  systems,  including 


guns,  rockets,  bombs,  torpedoes,  mines,  and  depth  charges,  but  not 
guided  missiles  and  nuclear  weapons.  The  basic  sciences  as  applied  to 
naval  weapons,  including  fire  control,  are  explained 

The  present  volume  deals  with  many  basic  principles  and  theories 
needed  for  understanding  guided  missile  1  light  and  control,  and  basic  nu“ 
clear  weapons  information.  The  fundamentals  of  the  different  types  of 
tula  idle  guidance  are  discussed. 


Because  its  distribution  is  not  limited  by  security  regulation,  it  isncc- 
essariiy  general  in  nature  with  minimum  reference  to  actual  weapons  in 
current  use.  Considerable  detail  is  given  on  the  effects  of  nuclear  weapons 
but  not  on  the  construction  or  operation  or  the  weapons. 

The  user  should  bear  In  mind  that  inis  text  is  not  designed  for  mainte¬ 
nance  or  for  operating  personnel,  nor  for  use  as  a  manual  on  ope  rations 

or  tactic*. 
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THE  UNITED  STATES  NAVY 


GUARDIAN  OF  OUR  COUNTRY 

The  United  Navy  Is  responsible  for  maintaining  control  ot  the  i«a 

and  15  a  ready  force  or  watch  at  home  and  ove'seas.  capable  of  strong 
action  lo  preserve  :ne  peace  or  of  rnsjani  offensive  action  to  wn  in  war 

It  is  upon  the  maintenance  of  thrs  control  that  our  country's  glorious 
future  depends,  the  United  States  Navy  exists  to  make  it  so. 


WE  SERVE  WITH  HONOR 


Tradmon.  valor  anc  victory  are  the  Navy  s  heritage  from  the  past-  To 

these  may  be  added  dedication,  discipline,  and  vigilance  as  the  watchwords 

of  the  present  and  the  future 


At  home  or  on  d.st.ini  stations  we  sev-.-c  with  pride,  coni  Gent  rn  the  respect 
of  Our  country,  our  shipmates,  and  our  families 


Our  responsibilities  sober  u$:  our  adversities  strengthen  us 

Service  to  Gad  and  Country  is  cur  enal  priv  ege.  -Ve  servo  with  honor 


THE  FUTURE  OF  THE  NAVY 

The  Navy  wiili  always  employ  new  weapons,  ne*  techniques,  and 
greater  power  to  protect  and  defend  the  United  States  on  [he  sea.  under 
the  sea,  and  m  the  air. 

Now  and  in  the  future  control  of  the  sea  gives  the  United  States  her 
greatest  advantage  for  the  ma  ntenance  of  peace  and  'or  victory  n  war 

Mobility,  surprise,  dispersal.  and  offensive  power  are  ihe  keynotes  ot 
the  new  Navy.  The  roots  of  the  Navy  lie  in  a  strgng  belief  ir  '.he 
future,  in  continued  dedication  to  our  tasks,  and  in  reflection  or  our 
heritage  from  the  past. 


Never  have  our  op-port  unities  and  o*t  responsibilities  been  greaser 
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PART  1.- GUIDED 


CHAPTER  1 

INTRODUCTION  TO  GUIDED  MISSILES 


G  E  NE  R  A  L 


SCOPE  OF  THE  TEXT 


DEFIMTION 


A  GUfDED  MISSILE  is  an  lin ir, a nne:L  vehicle 
that  travels  above  the  ea rt h '  s  flu rfaC e;  carries 
an  explosive  warhead  or  other  useful  payload; 
and  it  contains  within  it  self  so  mein ns  for  con¬ 


trolling  its  own  trajectory  Or  flight  path.  A  'hTide 
bo  mb  is  pm  polled  only  by  gravity,  But  it  con¬ 
tains  a  device  for  controlling  its  flight  path,  and 

is  therefore  a  guided  missile. 

The  Navy's  guided  missiles f  including  Ter¬ 
rier,  Tartar,  Talos,  Sidewinder,  Sp? ’'■row, Bull- 
pup,  and  Polaris,  meet  all  the  requirements  of 

the  above  definition. 


The  Armv's  Honest  John  mow  obsolete)  is  a 

3 -ton  rocket  that  is  capable  ol  carrying;  3  nuclear 

warhead.  Because  it  contains  no  guidance  sys¬ 
tem,  Honest  John  is  not  a  guided  missile.  The 
Navy*s  homing  torpedoes  are  self-propelled 
weapons  with  elaborate  guidance  systems.  The 
homing  torpedo  can  hunt  for  a  target  and,  when 
it  finds  one,  st  e  y  r  to  ward  it  Oft  a  c  ollision  course. 
Because  it  does  not  travel  above  the  earth's  *  or- 


fa£c,  the  hoiiaing  torpedo  is  not  a  guided  missile. 

A  MISSILE  is  any  object  thit  can  be  pro¬ 
jected  or  thrown  at  a  target.  This  definition 
includes  stones  and  arrows  as  well  as  gun 


projectiles,  bombs. 


s,  a  [id  rockets. 


In 


Current  military  usage,  the  word  ML531LE  is 

gradually  becoming  synonymous  with  GUIDED 


MISSILE.  It  will  be-  so  used  in  this  text  w-  will 
use  the  terms  MISSILE  and  GUIDED  MISSILE 


interchangeably.  This  permits  inclusion  of  the 
Asroc,  which  is  not  a  guided  missile,  but  is  a 
missile,  an  Important  otic  in  ship  missile  weapon 
systems.  Another  missile  is  Subroc,  which  is 
fired  underwater  from  a  torpedo  tube,  is  guided 
during  its  air  flight,  returns  to  the  water,  and 
sets  as  a  depth  charge. 


Part  !  of  this  book  is  a  brief  introduction  to 

the  basic  principles  that  govern  the  design, 
construction,  anci  use  of  guided  missiles.  Part 
II  deals  with  nuclear  weapons.  Many  of  the 
principles  wr  will  discuss  apply  to  all  missiles; 
m-st  of  them  apply  to  more  than  one.  The  treat¬ 
ment  will  necessarily  be  general.  Securityre- 
qui  cements  prevent  any  detailed  description  of 
specific  missiles  in  an  unclassified  text.  This 
text  will  therefore  contain  very  little  info rma- 
Lion  about  specific  missiles;  they  will  be  de¬ 
scribed  in  some  detail  in  a  supplementary  vol* 
jme,  Navy  Missile  Systems,  NavPers  107&5-A. 

nil 

The  reader  will  find  some  repetition  in  this 
text;  this  is  Intentional,  The  subject  is  com¬ 
plex;  it  cleal&i  with  many  different  phases  of 
science  and  teeltoial  ^y.  The  beginning  student 

of  guided  missiles  faces  a  paradox.  We  might 
say  that  you  can’t  thoroughly  understand  any 
part  of  a  gadded  missile  unless  you  understand 
all  the  ocher  parts  first.  We  will  deal  with 
ibis  problem  by  first  discussing  the  guided 
missile  as  a  whole,  with  a  brief  consideration 

of  itspropulsion*  ’.  onirol,  guidance,  and  launch - 

in”  sv stems.  Each  of  these  subjects  will  then 
be  treated  at  some  length  in  one  or  more  later 
chapters. 

All  guided  missiles  contain  electronic  de¬ 
vices;  some  of  these  devices  are  very  complex. 
A  sound  understanding  of  the  operating  prin¬ 
ciples  of  missile  guidance  is  very  difficult  with¬ 
out  some  background  in  basic  electricity  and 
electronics.  Students  who  have  no  background 
in  electronics  should  use  Introduction  to  Elec- 
t  re  flies ,  WavPers  1D0S4;  it  should,  if  possible „ 
bo  supplemented  by  further  reading  in  basic 
texts  on  electricity  and  electronics. 


principles  of  guided  mis  s  j  i  e  s  a  nd  nuclear  we  a  pons 


WEAPONS  SYSTEMS  power,  aircraft  became  the  primary  weapon  of 

the  N&Vy*  The  battle  of  the  Coral  Sea,  in  11M£j 
Phe  mi 9 sil es  alone  are  unless  for  defense  wa &  t he  f it st  maj or  naval  engagement  in  which 
or  offense  without  the  remainder  f  the  weapons  surface  ?hips  did  not  exchange  a  single  shot, 
system.  A  weapons  system  is  vitally  dependent  When  a  navy  so  controls  the  .seas  that  it  can 
on  search  radar  inputs,  command  and  control  safely  approach  the  enemy  coast,  It  can  extend 


devices,  and  power  supplied  from  Other  equip - 


its 


power  inland  to  the  distance  its 


merits.  A  missile  weapons  system  consists  of  a  v.-?  ;i  r  ins  car  reach.  A  heavy  cruiser  can  bom- 


weapon  direction  system,  "me  r  more  :'ire  con¬ 


fine  mv  installations  about  15  miles  inland. 


trol  systems,  the  launching  system,  and  the  Carrier -based  aircraft  extend  the  Navy's  force 
missiles-  The  missiles  may  be  all  of  am  type  far  hundreds  ■■(  miles  over  enemy  territory. 
Or  there  may  be  two  Or  more  types  in  tin-  system  Thus,  during  the  Korean  War,  the  wholeof  North 


on  a  sh  ip  „ 


Korea  was  subject  to  attack  by  currier-based 


A  mere  lisiuigof  the  components  of  a  weapons  aircraft  )i  the  U,  8.  Navy. 


system  would  be  rather  lengthy.  Many  trained 


The  Navy’s  Regulus  guided  missile  had  a 


men  are  needed  to  operate  the  various  parts,  range  compare 


to  that  of  Li  carrler*based 


The  coordination  and  cooperation  required  to  aircraft.  T  was  designed  so  it  could  also  be 
make  all  components  and  personnel  work  to-  launched  from  a  submarine,  even  where  we  did 


gether  properly  is  not  a  simple  task.  It  requires  not  control  the  surface  of  the  sea. 

a  thorough  knowledge  of  the  interrelationship  Regirtus  is  bem.:  phased  cut,  it  gave  valiant 


and  Interactions  involved. 


technical  service  .%#  a  forerunner  of  Polana.  Some  of  the 


training  is  necessary  for  the  technicians  wfou  missiles  will  be  used  as  drones  for  training 
operate  and  maintain  the  equipment,  each  in  hi&  purposes. 


own  specialty,  A  network  of  communication 
facilities  is  necessary  for  communication  be¬ 
tween  the  men  operating  the  different  units. 


tic 


The  Polaris  missile,  called  the  Fleet  Ball  ls- 

(FBMh  also  submarine- launched, 


extends  the  Navy’s  striking  power  far  inland. 

MB 

Officers  must  have  i  good  ba  cks  round  knowl-  Early  models  of  the  Polaris  had  a  range  of  15-00 

edge  of  how  a  weapons  system  operates,  and the-  miles;  advanced  Polaris  has  a  range  of  about 

interaction  and  dependence  of  the  various  parts.  2 5 0C  miles.  With  such  a  range,  even  the  most 

This  book  will  not  describe  the  components  of  a  remote  place  on  earth  can  be  reachedby  its  fire 


Weapons  system,  other 


the  missiles,  nor  power,  wti ile  the  submarine  that  fires U remains 


their  functioning  *  Officer  texts  and  correspond¬ 
ence  courses  Lire  available  for  specialty  study , 
such  as  Cotribat  Information  Center  Officer, 


B  . 


NavPers  1 


PURPOSES  AND 

guided  missiles 


OF 


The  primary  mission  of  our  Navy  is  control 


submerged,  undetected  by  the  enemy. 

0 n e  f  the  st ro n % e st  e le m ent s  in  ou r  not i ana  1 
defense  i^:  The  Strategic  Air  Command  (SAC), 
which  can  launch  a  devastating  nuclear  attack 
against  any  enemy  within  a  few  minutes  after 
notice.  But  SAC  bases  are  large,  and  expensive 
ro  build  :mi  maintain*  Th&ir  posit  ion  is  known  to 
>u  r  p  o  >  h  ib  1  e  enemies.  At  the  out  break  of  war, 


of  the  seas.  We  propose  to  keep  the  lanes  they  would  p r o!  ably  be  the  first  objective  in  a 
open  for  our  own  and  for  friendly  commerce;  in  surprise  attack* 

time  of  war,  we  propose  to  deny  use  if  the  The  intercontinental  ballistic  missile  (ICBM) 

to  our  enemy.  Historically,  this  mission  has  carries  a  nuclear  or  Thermonuclear  warhead* 
been  accomplished  by  The  useof  warships  arm  ed  It  cr-n  reach  its  mrget  on  another  continent  within 
with  the  most  advanced  weapons  of  their  time,  minutes  after  launching.  It  can  approach  the 
When  John  Paul  Jones  challenged  the  British  target  at  such  a  speed  that  any  counter  measures 
control  of  the  seas,  his  warships  earned  guns  ma  >  \>  ver\  difficult.  Its  shore  abased  launching 
having  in  effective  range  of  :-i  few hundred yard**  sites  are  small,  relatively  cheap  to  build  and 


In  the  Civil  War,  the  Union  Navy  maintained  a  maintain,  and 


easy  to  conceal,  Be- 


successful  blockade  southern  ports  with  the  -/ause  They  can  be  widely  dispersed,  they  are 
help  of  guns  that  could  shoot  a  little  more  than  difficult  to  attack  even  If  their  location  is  known* 
a  mile*  The  battleships  of  World  War  [  carried 


launched  from 


would  have  a 


rifled  guns  with  an  effective  rar^e  in  th-  srder  mobile  base,  m  course,  which  roultl  be  maneu- 
15  miles.  When  aircraft  became  more  effective  vered  as  necessary  to  evade  the  enemy  or  to 
weapons  than  guns,  tn  both  range  and  striking  come  within  ranfte  of  the  target. 


Chapter  1~ INTRODUCTION  TO  GUIDED  MISSILES 


The  TCBM  does  not  fane  the  problem  of  re¬ 
turning  safely  to  friendly  territory  niter  com¬ 
pleting  its  mission,  for  guided  inis  sites  are 
expendable  by  deaign,  while  nur  gt  r.a  t  eg  ic  be  int¬ 
ers  and  their  crews  are  not.  SAC  has  been 


supplemented  by  the  TCBM. 

An  Intercontinental  Ballistic  -Missile  (ICBM 
has  a  range  of  over  3000  ran fi cal  miles*  In  this 
class  are  the  Atlas  (5500  to  9  GOO  nautical  miles), 
Minuteman  (over  5000  nautical  miles),  and  Titan 
(about  5000  nautical  miles).  These  missiles 
were  developed  by  the  Air  Force,  and  are  shore- 
launched. 


the  A  A  guns  if  not  brought  down  by  missiles. 
High-speed  aircraft  flying  at  low  altitudes  (pos¬ 
sibly  to  avoid  radar  detection  and  tracking)  are 

susceptible  to  A  A  grins  and  conventional  gunfire. 

Guided  missiles  are  becoming  increasingly 
important  in  aircraft  armament.  When  two  Jet 
aircraft  are  approaching  each  other  head-on,  the 
ranee  closes  at  a  speed  between  one -half  and  one 
mile  per  second.  Under  these  conditions  It  is 
difficult  even  to  see  an  enemy  aircraft,  and  hitting 

it  with  conventional  aircraft  weapons  is  largely 

a  matter  of  luck.  But  the  air-to-air  missile  can 
"lock  on”  the  hostile  aircraft  while  it  is  still 


An  Intermediate  Range  Ballistic  Missile 
( IRB M )  has  a  range  up  to  1500  nautical  miles. 
This  term  is  now  applicable  only  to  Thor  and 
Jupiter.,  both  of  them  Air  Force  Missiles,  and 

both  being  phased  out* 

Some  eiiis s lie 3  have  a  range  in  tile  interval 

500  to  3000  nautical  miles*  The  Navy's  Hegulus 
L  Is  In  this  range  group*  Its  successor,  the 
Polaris,  has  a  greater  range,  but  is  s£:Ll  in  this 
group*  Hound  Dog,  Mace,  and  Matador  are  Air 
Force  missiles  in  this  range, 

Each  of  the  services  has  several  short-range 


missiles  that  are  operational.  The  Navy  mis¬ 
siles  in  ttiis  group  include  Buiipup,  Sidewinder. 
Sparrow  111,  Tains,  Tartar,  and  Terrier.  Others 
are  under  development.  One  of  the  aims  in  the 
development  of  advanced  types  of  missiles  is  to 
increase  their  range  us  wqll  ns  their  accuracy 
and  dependability. 

Modern  military  aircraft  can  fly  so  high  and 
so  fast  that  conventional  antiaircraft  guns  are 
ineffectual  against  them  during  high  flights.  As 
you  know,  a  gun  Is  not  aimed  directly  at  a  moving 
target;  it  must  be  so  Rimed  that  both  the  pro¬ 
jectile  and  the  target  will  reach  a  predicted  point 
at  the  same  time.  During  the  flight  time  of  the 


projectile,  a  high-speed  aircraft  will  travel 
several  miles*  The  projectile  cannot  change  us 
trajectory  after  it  is  fired:  the  aircraft  can,  and 
a  slight  change  of  course  can  take  it  beyond  the 
lethal  range  of  the  projectile  burst. 

The  surface-to-air  guided  nji ssii e  c an  int e r « 

cept  attacking  aircraft  at  greater  heights  and 
greater  ranges  than  any  projectile.  If  the  air¬ 
craft.  changes  its  course  or  takes  evasive  act  ion 
to  escape  the  missile,  the  guidance  system  of  the 
mis  site  will  change  its  course  accordingly  to 
follow  the  aircraft  up  to  the  instant  of  intercep¬ 


tion. 


Aircraft  attacking  a  ship  headon,  or  low-  flying 
slower  speed  aircraft  and  helicopters  used  for 

strafing  and  spotting,  could  come  within  range  of 


miles  away,  and  can  pursue  and  hit  the  target  in 
spite  of  its  evasive  maneuvers. 

The  defense  of  n  naval  task  force  against  air 

attack  is  somewhat  -Similar  to  that  of  defending 
an  American  city  or  industrial  area  .(gainst  air 
attack.  The  enemy  attack  will  be  detected  by 
long-range  search  radar  while  the  attacking 
planes  are  hundreds  of  miles  from  the  target. 
Ashore,  rhe  early  war ning  radars,  called  Ballis¬ 
tic  Missile  Early  Warning  System  (BMEWS),  are 

located  at  distant  outposts  in  Canada  and  Alaska, 
At  sea,  they  are  aboard  picket  ships  at  some  dis¬ 
tance  from  the  main  body  of  the  task  force.  The 
first  lint  of  defense  will  probably  be  interceptor 
aircraft,  ’Much  will  attack  the  enemy  planes  with 
air-ro-air  missiles,  A  second  line  of  defense 


may  consist  of  moderate  range  surface-to-air 
missiles,  which  will  intercept  the  attacking 

planes  at  ranges  from  about  20  to  more  than  £5 


mil  e  5 . 


A 


line  would  consist  Of  shorter 


range  missiles,  designed  to  intercept  at  ranges 
between  about  5  and  20  or  30  miles,  and  anti¬ 
aircraft  guns  with  ranges  up  to  10  miles. 

Protection  against  underwater  attack  is  af¬ 
forded  by  missiles,  such  as  Asroc,  homing 

torpedoes,  and  depth  bombs,  all  of  which  are  in¬ 
cluded  in  the  antisubmarine  warfare  (ASW) 


arsenal,  A  study  of  the  statistics  of  submarine 
devastation  in  past  wars  might  convince  you  A  £W 
is  more  important  than  anti -air  warfare.  Al¬ 
though  there  is  a  difference  of  opinion  as  to  the 
relative  importance  of  these  two  types  of  d 

fenses,  the  Navy  has  not  neglected  either  One, 
We  have  anti  submarine  weapons  to  be  dropped 


frail:  airplanes*  to  be  fired  from  surface  ships, 
and  to  be  fired  from  submarines. 

Because  the  defense  system  outlined  above 
is  formidable,  it  is  improbable  that  enemy  air¬ 
craft  will  try  to  bomb  cur  cities,  or  attack  a  task 
force  with  bombs  or  torpedoes.  Enemy  attacks 
are  more  likely  to  be  with  air- to -surface  mis- 
wiles,  launched  at  a  range  of  perhaps  a  hundred 
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miles  or  more,  and  submarine  or  surface-fired 

missiles. 

The  question  remains:  how  do  we  defend  our¬ 
selves  against  enemy  intercontinental  ballistic 
missiles,  air-to-ground  missiles,  and 
submarine-launched  missiles?  We  must  assume 


that  thi  enemy  has  weapons  as  swift  and  lethal 
as  ours*  The  early  mods  of  Nike  and  Terrier 
missiles  were  designed  to  shoot  dowTi  jet  air¬ 
craft.  They  were  swift  enough  for  that,  but  with 
the  development  of  ICRMs,  which  can  be  launched 
from  foreign  shores,  or  possibly  from  hidden 

submarines,  defense  requires  shooting  down  the 
missiles  launched  by  our  enemies*  The  answer 


is  antimissile  missiles.  They  must  be  capable 
of  launch  or  very  short  notice,  extremely  fast, 
and  extremely  maneuverable.  They  can  be  rela¬ 
tively  small,  just  big  enough  to  explode  the  enemy 
missile  high  in  the  air  (or  in  the  water.:  before  it 
can  reach  its  target.  Such  aiitlballistlc  missiles 
(ABMs)  are  being  developed  and  means  are  being 
explored  for  rendering  enemy  missiles  ineffec¬ 
tive  within  range  of  our  shores  or  ships. 

When  Ihf-  antimissile  missile  becomes oper- 

itinnal,  it  will  probably  lead  to  further  develop¬ 
ments.  Our  aircraft  carry  air-to-air  missiles 
for  defense  against  enemy  aircraft;  an  inter¬ 
continental  ballistic  missile  might  carry  air-to- 
air  missiles)  for  defense  against  other  missiles. 
These  might  be  called  anti -antimissile  missiles, 
though  if  we  have  the  ingenuity  to  develop  such 

weapons  we  may  be  able  tv-  think  of  a  shorter 

name  for  them. 

Such  speculations  about  the  future  are  not 
very  instructive*  But  this  prediction  is  safe; 
the  effort  to  develop  faster  and  better  missiles, 
and  the  race  between  missiles  and  missile 


countermeasures,  will  continue  as  long  as  the 
threat  of  war  exists,  or  until  some  new  and 


unforeseen  weapon  makes  guided  missiles  oi>so- 


INTRODUCTION  TO 
.MISSILE  TYPES 


To  perforin  the  various  functions  outlined 
above,  missiles  of  many  different  types  must  be 
developed*  A  list,  later  in  this  chapter,  will 
show  the  number  of  missile  types  now  opera¬ 
tional  or  in  various  stages  of  development.  It 
can  be  assumed  that  other  missiles,  not  yet 
announced,  are  being  developed. 

The  Navy* a  Sidewinder  is  a  relatively  small 
air-to-air  missile  with  a  range  of  a  few  miles. 
A  Bide  winder  costs  about  as  much  as  a  good 


used  car.  It  resembles  an  ordinary  aircraft 
rocket;  it  differs,  of  course,  in  having  a  guidance- 
system,  and  movable  control  surfaces  by  which 
the  guidance  system  can  control  its  flight  path. 
At  the  other  extreme,  the  fCBM  has  a  range  of 

thousands  ol  miles,  with  size  and  weight  In 
proportion;  its  proportional  cost  is  even  higher. 
The  ICBM,  like  most  missiles,  has  the  familar 
roeket  shape* 


Some  t  the 


missiles 


resembled  conventional  aircraft;  they  differed 
f  roir,  a  i  r  c  raft  i  n  having  a  gu  id  a  nc  £  ay  st  e  m  ra  the  r 
than  a  pilot*  They  were  designed  to  dive  into 
their  targets  rather  than  release  a  bomb  loud  and 
return. 

Guided  missiles  are  classified  in  a  number 


■  f  different  ways,  perhaps  most  often  by  function, 
such  as  air-to-air,  surface-to-air,  or  air-to- 
surlace.  The  new’  designation  symbols  for  mis¬ 
siles  and  rockets  classify  them  according  to  the 
launch  environment  (R  for  ships), mission fG for 
surface  attack;  U  for  underwater  attack),  and 
vehicle  type  (M  for  missile), 

A  nonballlstlr  missile  is  propelled  during  all 
or  the  major  part  of  its  flight  time;  the  propul¬ 
sion  ay  stem  of  a  ballistic  missile  operates  for 
a  relatively  short  time  at  the  beginning  of  flight; 
thereafter,  the  missile  follows  a  free  ballistic 
trajectory  like  a  bullet  except  that  this  trajec¬ 
tory  may  be  subject  to  correction,  if  necessary, 
by  the  guidance  system),  Some  missiles  are 

designed  to  travel  beyond  the  earth's  atmos¬ 
phere,  and  reenter  as  they  near  the  tar  get  .Others 
depend  ho  the  presence  of  air  for  proper  opera¬ 
tion  of  the  control  surfaces,  the  propulsion  sys¬ 
tem,  or  both. 

Missiles  may  be  further  classified  by  type 
if  propulsion  system,  such  as  turbojet,  ramjet, 
Or  rocket;  or  by  type  or  guidance,  such  as  com¬ 
mand,  be  am- riding,  or  homing. 


INTRODUCTION  TO  missilf; 
GUIDANCE 


The  missile  guidance  system  keeps  the 
missile  on  the  course  that  will  cause  it  to 
intercept  the  target.  It  does  this  in  spite  of 

initial  launching  errors,  in  spite  of  wind  or 
other  forces  acting  on  the  missile,  and  in  spite 
of  any  evasive  actions  that  the  target  may  take. 

system  may  be  provided  with 


The 

certain  information  about  the  target  before 
launching-  During  flight  it  may  receive  addi¬ 
tional  Information,  either  by  radio  from  die 
launching  site  or  other  control  point,  or  from 
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the  target  itself.  On  the  basis  of  this  inform 
roation,  the  guidance  system  will  calculate 
the  course  required  to  intercept  the  target, 
and,  it  will  order  the  missile  control  system 
to  bring  the  missile  onto  that  course. 


From  the  paragraph  above,  it  might  be  in¬ 
ferred  that  the  guidance  system  is  an  intelli¬ 
gent  mechanism  that  can  think.  This,  of  course, 
is  untrue.  The  missile  guidance  system  is  based 
on  a  relatively  simple  electronic  computer.  But 
even  the  most  complex  computers,  such  as  Uni- 
vac  and  other  u giant  brains,*  cannot  hunk. 

Thinking  is  a  cons c i au s  p roc  ess,  confined  to  mar, 
and  few  of  the  higher  animals,  No  matter  how 
complex  it  may  be,  a  computer  in  simply  a  ma¬ 
chine  built  so  that  when  certain  things  happen, 
certain  other  things  will  result.  The  design  of 
a  computer  is  nothing  more  than  an  advanced 
exercise  in  the  logic  of  cause  and  effect,  A  com¬ 
puter  cam  take  no  action  that  isn't  built  into  it 
by  its  designer  (except }  or  course,  the  erratic 
action  that  might  result  from  a  bad  connection 
or  a  faulty  component). 

In  the  later  chapters  of  this  text  you  will  find 
statements  such  as  this:  tfWhen  Terrier  detects 
an  AM  signal*  it  knows  it  isoff  the  beam  center, 
but  it  does  not  know,  from  the  AM  signal, 


or  a 


way  to  go  to  get  back  to  beam  center, m  *:e  make 
such  statements  without  further  apology ,  but  it  is 
essential  that  the  students  understand  what  we 

are  doing.  We  are  using  a  convention,  because 
it  saves  time  and  space.  Remember  that  a  mis¬ 
sile  doesn't  "know/  or  "see,*  or  “think,®  or 

"decide. 

Several  distinct  types  :>f  guidance  arc  pos¬ 
sible;  a  given  missile  may  use  one 
combination  of  two  or  more.  These  types 
include  preset,  homing,  command,  beam -riding, 
and  Inertial  guidance,  besides  some  less-known 
ones  such  as  celestial,  celestial-inertial, 
terrestrial-reference,  and  stellar  guidance  sys¬ 
tems. 

Although  it  cannot  be  called  a  guided  missile, 
the  air- steam  torpedo  has  a  simple  guidance 

system.  Before  launching,  its  gyro  is  set  for  a 
predetermined  course;  the  gyro  holds  the  torpedo 

on  that  course  throughout  its  run  to  the  target. 

The  torpedo  Is  capable  Of  Steering  itself,  but  it 
receives  no  information  after  the  instant  of 


launching,  This  is  PRESET  guidance 


The 


German  V-l  is  another  example.  Before  launch¬ 
ing,  it  was  set  to  follow  a  given  course,  and  to 
dive  on  its  target  after  traveling  a  preset  dis¬ 
tance. 


The  German  Y-2  used  a  combination  of  pre¬ 
set  and  COMMAND  guidance.  Before  launching, 
it  was  set  to  climb  vertically  for  a  certain  difi* 
tance,  and  then  turn  onto  the  desired  course. 


Speed  and  position  of  the  V-2  were  determined 
by  (i  radar  at  the  launching  site.  This  informa¬ 
tion  was  analyzed  by  a  computer,  which  deter¬ 
mined  when  the  missile  had  reached  a  position 
snd  speed  that  would  carry  it,  along  a  ballistic 
trajectory,  to  its  target.  At  that  instant,  the 
missile  propulsion  ny  stein  w;is  shut  down  by 


command. 


The  Army's  Nike  surface-to-air  missile  is 

a  more  modern  example  of  command  guidance. 
Throughout  the  missile  flight,  radars  at  the 
launching  site  track  both  the  missile  and  its 
target.  A  computer  continuously  calculates 
the  course  that  the  missile  must  follow  to 


reach  the  point  of  intercept.  Throughout  its 
flight,  Nike  is  steer  Ed  along  the  desired  course 
by  radio  commands  from  the  ground. 

Sidewinder  has  a  HOMING  guidance  System, 
sensitive  to  infrared  (heat)  radiation.  It  will 
steer  itself  toward  any  strong  source  of  in¬ 
frared.  The  exhaust  of  a  jet  aircraft  is  such  a 
source,  and  Sidewinder  can  steer  itself  "right 
up  the  tailpipe"  of  an  enemy  jet. 

Infrared  is  not  the  only  basis  for  homing 
guidance,  A  missile  can  be  designed  to  home 
on  light,  radio,  or  radar  energy  given  Off  by, 
or  reflected  from,  itie  target,  li  could  also, 
like  a  homing  torpedo,  be  designed  to  home  on 
source  of  sound  waves;  but  because  a  guided 
missile  travels  at  from  one  to  a  dozen  times 


the  speed  of  sound,  such  a  system  would  not 
be  practical,  However,  sound  waves  are  used 

for  detecting  underwater  targets.  The  word 
“Sonar”  means  Sound  Navigation  and  Ranging 
systems*  and  includes  all  types  of  underwater 
sound  detection  devices.  The  Asroc  torpedo 
uses  sonar  detection  in  its  underwater  phase. 

Because  its  source  of  information  is  energy 
given  off  by  the  target  itself,  Sidewinder  guid¬ 
ance  is  an  example  of  PASSIVE  homing*  Other 
missiles  carry  a  radar  transmitter*  "illumU 
nate*  the  target  with  a  radar  beam,  and  home 
on  the  radar  energy  reflected  from  the  target. 
This  is  an  ACTIVE  homing  guidance  system. 
A  SEMI- ACTIVE  system  is  also  possible;  the 
target  is  illuminated  by  a  radar  beam  from  the 
launching  site  or  other  control  point*  and  the 
missile  homes  on  energy  reflected  from  the 
target. 

The  Navy's  Terrier  is  similar  to  Nike  in 

both  function  nod  performance;  but  its  guidance 


r:. 


PRINCIPLES  OF  GUIDED  MISSILES  AND  NUCLEAR  WEAPONS 


system  is  entirely  different.  Terrier  uses 
BE  AM- RID  EE?  guidance.  A  radar  transmitter 
at  the  launching  siie  keeps  a  narrow  beam  of  INTRODUCTION 

radar  energy  continuously  trained  on  the  tar¬ 
get.  Terrier  simply  rides  up  the  beam.  The 


HISTORY  OF  GUIDED  MISSILES 


that  follows  will  enable 
Intermediate-range  (around  1500  miles)  and  the  student  to  view  the  present  day  guided 
long* range  '3000  miles  or  more:  missiles  may  missile  in  a  historical  perspective,  and  to 
use  a  NAVIGATIONAL  guidance  system.  The  consider  the  most  recent  developments  in  their 
missile  determines  its  own  position  in  relation  relation  ti.  early  experiments..  It  serves  no  Other 
to  the  target,  calculates  the  course  required  to 

reach  the  target  position,  and  steer  s  itself  along 
that  course.  A  missile  may  be  designed  to 


purpose;  it  is  not  necessary  to  memorize  the 
dates  listed  here. 

Guided  missiles,  as  defined  at  the  beginning 
navigate  with  th^  help  of  radioor  radar  beacon®,  of  tiu^  chapter,,  were  fsrst  used  in  Work!  War 


just  as  a  shin  may  navigate  with  the  help  of 


IL 


But  they  could  no'  have  been  built  at  that 


Loran.  A  missile  may  navigate  by  deed  reckon-  time  without  previous  experiments  in  both 


lug.  through  the  use  of  an  INERTIAL  guidance 


systems  and  guidance,  We  will 


system.  It  may  navigate  by  taking  star  fixes  look  briefly  at  early  developments  in  both  of 

through  a  telescope  (celestial  navigation),  or  by  those  fields.  Our  late®!  missiles,  of  course, 

examining,  the  ground  with  radar  and  comparing  are  baaed  also  on  developments  in  many  other 
what  it  sees  with  a  map-  Or  it  may  use  a  com-  fields,  including  mass  production  techniques, 

bination  of  two  or  more  of  these  methods.  metallurgy,  aerodynamics,  radar*  and  elet- 

As  previously  stated,  a  missile  may  have  tronig  computers*  but  we  cannot  describe  the 

more  than  one  type  of  guidance  system,  and  evolution  of  those  developments  here. 

Switch  from  one  to  another  during  its  flight* 

For  example,  a  long -range  missile  may  climb  PROPULSION  SYSTEMS 
to  a  preset  height  and  turn  onto  a  preset 
course  shortly  after  launching,  then  navigate 
to  the  target  vicinity*  mid  finally  home  on  the 
infrared  or  Other  energy  given  off  by  the  tar- 


Weapon  propulsion  systems  a  re  usually  clas¬ 
sified  as  gun  type,  reaction  type,  and  gravity 
type*  Gun  type  propulsion  systems  are  also 
get.  Or  a  surface-to-air  missile  may  ride  a  caller!  impulse  propul&idn  sTEtems  and  include 

radar  beam  until  it  gets  near  the  target,  tlien  all  weapons  in  which  a  projectile  is  ejected  from 

switch  over  to  homing  guidance. 


COMPONENTS  OF  GUIDED  MISSILES 


a  container*  such  a>;  a  gun  barrel  ora  launching 
tube.,  The  only  application  of  this  type  Of  pro¬ 
pulsion  in  missiles  is  for  the  *  ship- cl  earing1" 

of  the  journey  of  some  missiles  and 


In  the  cou r se  of  t  he  d  i  scu  ss ion  t h us  U i  r ,  som e  t o rp eci -■  r- s . 


of  the  Components  of  guided  missiles  have  been 


Older  type  glide  bombs  and  other  gravity - 


mentioned.  Every  missile  has  a  framework*  powered  mis 


are  obsolete*  Although 


Called  the  airframe,  to  contain  the  component s*  propeller-driven  aircraft,  under  radio  control, 

In  the  airframe  is  tile  warhead,  the  propulsion  have  been  used  as  target  drones,  a  propeller- 
system  (including  the  fuel)*  guidance  system,  driven  guided  missile  would  be  too  slow  to  be 


control  system,  and  an  auxiliary  power  system. 


Vi  'i  st  eu  r  r  ent  m i s  sites  dep  end  on  s  n  me 


Chapter  3  defines  each  component;  fuller  do-  form  of  jet  or  rocket  propulsion  (react Ion  type 


scriptions  are  given  in  other  chapters* 


propulsion  system).  An  exception  is  the  Walley  e, 


system  has  many  parts,  some  them  intricate  a  glide  bomb  type  under  development. 


and  delicate*  with  a  network  of  electrical,  hy- 


The  development  if  present  day  guided  mis- 


draullc*  and  mechanical  connections  linking  all  siles  was  dependent  on  the  development  of  jei 


parts*  The  next  section  describes  the  develop-  propulsion,  although  the  experimental  work  was 
merit  of  some  of  the  components  and  ways  in  done  for  the  purpose  of  developing  a  jet  engine 
which  the  changes  affected  the  missiles.  The  for  planes* 


Improvement  of  missiles  is  a  continuing  process 


In  France,  In  1909,  Guillaume  outlined  the 


to  Increase  the  reliability*  simplicity,  range* and  basic  theory  of  turbojet  propulsion.  In  1927* 

lethality  of  the  weapons.  A s significant  I mp ro vc-  the  Italian  Air  Ministry  built  and  tested  a  plane 

meets  are  achieved*  older  missiles  arc  phased  driven  by  a  form  -A  mechanical  jet  propulsion, 

out  and  new  ones  are  installed*  The  fuselage  of  this  plane  was  shaped  like  a 
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tube, 


flaring  ends*  A  conventional  pro-  other  hard,  carry  their  own  source  oi  oxygen  for 


peller  was  mounted  in  the  throat  oi  the  tube,  combustion,  and  they  operate  even  more  effl- 
forming  a  (f  ducted  propelt er"  installation.  This  eiently  in  a  vacuum  rhan  they  do  in  air. 


craft  had  good  naneyv  er  ab  i  1  ity  and  good  sta 


The  principle  of  rocket  propulsion  has  been 


bility,  but  in  other  respects  its  performance  known  for  nearly  2000  years.  Tn  the  Far  East, 
was  poor.  In  1£32,  Campini,  an  Italian,  designed  rockets  were  used  in  warfare  as  early  as  the 
and  later 


the  first  plane  powered  by  a  13th  century.  Several  western  armies  used 
thermal  jet;  it  differed  from  modern  jets  in  rocket  projectiles  in  the  early  part  of  the 
using  a  pi  sun  engine,  rather  than  a  turbine,  19th  century  ,  but  not  very  effectively .  They  s  eem 


as  a  compressor 


to  have  been  of  more  value  in  frightening  the 


After  C a mn in v s  success Sfti  1  fl ighi ,  dev elo p -  en e my  than  in  d oi ns  j?h y  eic a l  da ma£<? .  Th eBrii- 


ment  of  improved  jet  engines  was  undertaken  ish  used  rockets  in  their  attack  on 


on  in 


in  several  countries.  In  England,  in 


F  r  auk 


patented  a  jet  engine  based  on 


Id- 2  and  in  the  Star  Spangled  Banner,  Francis 
Scott  Key  referred  to  the  u  rocket's  red  glare1" 


the  principles  used  in  modern  je*:  aircraft,  during  the  bombardment  of  Fort  McHenry  ,  fSome 
After  combustion,  the  exhaust  ga sea  of  the  jet  historians  believe  that  the  British  were  using 

a  turbine;  the  turbine,  En  rockets  as  signals,  rather  than  weapons*)  Mili¬ 

tary  interest  in  rocket  s  lapsed  aft  er  the  middle  of 


were  used  to 

turn,  drove  the  compressor.  The  first  sue 


cessful  flight  of  a  turbojet  powered  aircraft  the  19th  century,  because  developments  in  gun- 

was  made  in  England  in  May  1943.  In  the  nery  made  gun  projectiles  superior  to  rockets  in 

Ui  development  of  jet  engines  was  turned  range,  and  far  superior  in  accuracy. 

over  to  General  Electric  Company  because  of  Among  rocket  engineers,  Robert  H.  Goddard 
Us  experience  with  turbine-driven  super-  is  known  as  the  ' 'Father  of  Rocketry/1,  Goddard 
chargers.  At  present,  nearly  every  manuiac-  was  born  in  Massachusetts  in  1  SB  2,  By  the  time 

turer  of  aircraft  engines  is  developing  and  he  yarned  his  Bachelor  of  Science  degree  in 


building  turbojet  engines. 


i906r  he  was  obsessed  by  thoughts  of  rockets  anti 


The  pulsejet  engine  uses  the  forward  motion  rocket  propulsion,  He  believed,  quite  correctly, 

of  the  missile  or  aircraft,  rather  than  a  tur-  rhat  rocket  propulsion  would  be  the  most  suitable 

bine,  to  compress  the  air  and  fuel  vapor  before  means  for  sending  measuring  instruments  to  the 

combustion.  The  pulsejei  principle  was  patented  top  of  the  earth's  atmosphere,  and  eventually  to 

by  a  German  engineer  in  1930,  and  further  de«  the  moon.  Up  to  that  time  no  one  had  investigated 

v eloped  by  Sleeker,  an  American,  in  3033,  The  th-  physics  of  rocket  propulsion,  and  no  one  had 

pulse  Jet  engine  was  much  improved  by  the  Ger-  worked  out  the  necessary  mathematics,  Goddard 

mans  during  World  War  II,  and  was  used  to  power  decided  to  do  both* 


their  V-i  guided  missile. 


Before  Goddard's  experiments,  rockets con- 


Ths  ramjet  also  depends  on  forward  mrntgn  sieted  of  a  quantity  of  propellant  packed  in  a 
compression,  but  it  differs  from  the  pulse-  cylindrical  tube.  Goddard  discovered  that  by 

jet  in  having  m  moving  parts*  The  basic  idea  forming  the  after  end  nf  the  tube  into  a  smooth., 


of  a  ramjet  was  patented  by  Rene  Lor  In, 


t  a  p  e  r  ed 


he  could  increase  the  ejection 


French  engineer,  In  1913,  This  was  followed  velocity  of  the  combustion 


eight  times 


by  a  Hungarian  patent  in 


and  a  not  h  #r  with  out  inc  r  e  a  sing  th  e  weight  of  the  fuel ,  Ac  cor  d 


French  patent,  by  L-eehic,  In  193  3.  None  of  tni;  ■  o  Goddard1  s  calculations  this  would,  for  a 


these 


resulted  in  a  workable  ramjet  given  weight  of  fuel,  drive  tfiie  rocket  eight  times 


engine.  The  basic  ideas  were  sound:  but  sue-  as  fast  and  sixty-four  times  as  far. 


ces&ful  development  of  a  ramjet  engine  had 

to  wait  for  extensive  data  on  the  behavior  .-£ 


Goddard  was  given  3  Navy  commission  in 


1917 


and  assigned  to  the  job  of  improving  the 


fluids  at  extremely  high  speeds.  The  urst  sue-  Navy's  signal  rockets.  This  assignment  en- 
cessfu!  ramjet  flight  was  made  in  June  of  1945  abler!  him  to  continue  his  development  of  rocket 
at  the  Applied  Physics  laboratory  cl*  Kie  Johns  ’beorv.  Aft e r  the  war  ho  summarized  his 
Hflpkina  University  in  the  course  of  developing  a  theories  And  experience  in  a  paper  Called 


T a.1  os  miss  Li  s  u  A  M  e  i hod  of  It  e  a  chlng  Ext  r  eme  A  ltitudes .  Th  is 

mi  th  sonia  n  in  st  itution 


power  plant  for  the 


Turbojets,  pulsejets,  and  ramjets  all  depend  report* 

on  the  presence  ofair  for  the  combustion  of  their  in  1920,  consisted  almost  entirely  of  equations, 
fuel.  Consequently,  none  of  them  can  operate  formulas,  tables,  but  it  contained  one  state- 

bey  end  the  earth's  atmosphere,  Rockets,  on  the  ment  of  general  interest.  It  proposed  the  idea 
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of  multi -stape  or  step  rockets— that  l.y,  o^e  mem  of  space  ships*  Qberth's  book  discussed 

rocket  carrying  a  no  th  er  — nd  said  chat  by  this  the  possibility  of  putting  an  artificial  satellite 

means  a  rocket  could  be  sent  to  the  moon ,  where  into  orbit  around  the  earth-  (Except  lor  a 

Story  published  in  1870,  that 
"Aiia  the  first  lime  this  idea  had  been  expressed 
in  print.)  Oberth  believed  that  passengers 
could  travel  to  and  from  the  satellite  in  smaller 
“landing  rockets/'  In  this  way,  the  satellite 


it  could  explode  a  charge  of  Hash  powder  to  make  science - 

a  light  visible  from  the  earth* 

During  the  twenties  and  early  thirties,  God¬ 
dard  continued  his  experiments  with  the  help 
of  a  small  salary  (as  professor  of  physics 


at  Clark  University ')  and  grants  from  the  Gtig-  could  be  transformed  into  a  manned  space 
genhetm  and  Carnegie  Foundations.  His  list  station,  which  could  ultimately  serve  as  a 


of  accomplishments  is  impressive*  We  have  launching 


point 


for  space  ships*  Net1; her 


mentioned  his  idea  of  multi-stage  rockets,  Goddard  nor  Oberth  mentioned  the  possible 
and  his  design  of  the  tiered  nozzle.  He  was  use  of  rockets  as  military  weapons. 


the  first  to  suggest  That  a  liquid -fueled  rocket 


The  German  ,f Society  for  Space  Travel, 


could  provide  she  sustained  thrust  necessary  Inc.1'  was  organized  in  1927,  with  Cherth  as 

Ley  as  vice  president* 


for  sending  a  vehicle  into  apace*  He  was 
the  first  to  actually  launch  a  successful  liquid- 
fueled  rocket.  (That  was  op  16  March ,  1926“ 
the  rocket  reached  an  altitude  jf  134  feai.i 


p  re  s 


and 


(Willy  Ley  is  still  probably  the  world's  most 
popular  author  on  the  subjects  of  rockets,  mi 

sites,  and  sf^c®  travel*}  The  society  began  at 
He  proved,  first  toy  calculation  and  later  by  ex-  once  to  experiment  with  ilqu id -Ito el ed  rocket  ex¬ 
periment,  that  rocket  propulsion  cinbeused  in  a  gines,  The  rockets  carried  two  tanks*- one  gaso¬ 


line  and  one  of  liquid  oxygen.  These  two  liquids 

tM  be  Ec-d  simultaneously  and  in  the  right 


vacuum.  He  was  the  first  to  fire  a  rocket  that 
traveled  faster  than  sound-  he  was  the  first  to 

develop  a  gyroscopic  steering  mechanism  for  proportions  to  the  combustion  chamber,  where 
rockets:  and  he  was  the  first  to  use  vanes  in  the  they  were  mixed  and  burned.  Most  of  the  at- 
jet  exhaust  stream  to  siabilize  the  rocket  during  Tempted  launchings  ended  in  failure,  for  one  of 


the  firsE  phase  of  its  flight. 

But  Goddard  was  forced  to  end  his  expert- 


two  reasons  -  First,  liquid  oxygen  is  extremely 
cold:  it  froze  the  valves,  so  that  they  refused  to 


merits 

World 


for  lack  of  funds,  During  open  or  close  at  the  proper  lime.  Second,  the 
he  again  worked  for  the  Navy,  combustion  temperature  was  so  high  (hat  the 

this  time  to  develop  rockets  to  aid  the  takeoff  rocket  burned  up  after  a  tew  seconds.  In  later 


of 


Navy's  flying  boats.  He 


in 


experiments,  the  combustion  chamber  was  sur- 


NASA’s  (National  Aeronautics  and  Space  A  dmini-  rounded  by  a  coolinffi  jacke-  filled  with  water, 
st  rat  ion)  Goddard  Space  Flight  Center  at  Green-  With  this  model,  the  society  launched  a  number 
belt,  Md*  is  just  one  of  many  activities  named  of  rockets  that  burned  for  about  thirty  seconds. 


in  his  honor. 


and  reached  an  altitude  of  half  a  mile-  or  more 


A  group  of  rocket  enthusiasts,  inspired  by  The  next  step  was  to  omit  the  water  from  the 
Goddard's  experiments,  formed  the  American  cooling  jacket,  and  circulate  the  Fuel  through  the 
Rocket  Society  in  1930,  During  the  thirties-  jacket  before  burning  It.  When  the  society  tried 

this  group  performed  a  number  of  important  to  launch  such  a  rocket,  using  gasoline  as  fuel* 

experiments  with  r ockv !  motors,  but  their  it  immediately  exploded.  Ley  suggested  using 


work  was  limited  in  scope-  bv  lack  n:  money 


ethyl  alcohol, 


diluted  with  water,  in 


Hermann  Oberth  is  a  German  counterpart  place  of  gasoline.  This  system  worked  very 


of  Goddard.  Like-  Goddard,  he  worked  on  the 


well 


The  same  system  and  the  same  fuel 


physics  and  mathematics  of  rocket  propulsion  combination  were  later  used  in  the  German 
during  the  firs*  World  War.  There  is  good  V-2  missiles,  the  American  Viking  rockets, 
evidence  that  he  independently  conceived  the  and  the  rocket -propelled  experimental  planes 
idea  of  multiple- stage  liquid  fuel  rockets.  He  X-  l  andX-lA* 


read  Goddard's  report  shortly  after  st  was 


The  V  er sa  tl  1  es  p  ea  c  e  t  rea  ty  { 19 1 9 )  1  i tnii  ed  th  e 


published,  and  in  1923  published  a  book  of  his  German  army  to  100,000  men;  it  wa a  forbidden 
own,  called  The  Rocket  into  Interplanetary  to  have  aircraft  or  antiaircraft  guns,  or  Held 

was  in  artillery  of  more  than  3-inch  caliber.  This 


m  a  V 


why  the  German  army  took  an 


Space.  Goddard11  s  principa 
scientific  exploration  of  the  upper  atmosphere 

but  to  Oberth,  every  improvement  in  rocketry  early  interest  in  rocket  development;  tile  treaty 
was  simply  a  #tep  toward  the  eventual  develop-  if  Versailles  didn't  mention  rockets  at  all.  In 
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1S33,  the  army  established  a  small  research 
project  under  the  direct  ion  of  Captain  (late  r  Gen¬ 
eral!  Walter  Dornberger  to  develop  liquid- fueled 
rockets  for  use  as  weapons.  No  one  in  Germany 
had  any  experience  with  rocket  propulsion,  ex¬ 
cept  the  members  of  the  Society  for  Space  Travel* 

Do  mb  erg  er  visited  the  society  and  hired  a  very 
young  member  named  Werner  von  Braun, 

The  team  of  Dornberger  and  von  Braun, 
with  a  small  staff  of  assistants,  began  to  test 
rocket  motors  on  an  artillery  testing  range 
near  Berlin, 
ceeded  in  firing  two  rockets  to  a  height  of  about 
0,500  feet.  This  news  eventually  filtered  up 
to  the  high  command*  In  1936,,  General  von 
Fritseh  went  to  the  test  range  for  a  demonstra¬ 
tion.1  The  general  was  impressed.  The  result 


In  December  of  1934,  they  sue 


was  a  new  and  much  bigger  research  institute— 
the  Peenemtinde  Project,  which  became  the 
center  for  German  research,  development,  and 
manufacture  of  robot  bombs.  After  the  war, 
von  Braun  cams  to  the  United  States,  where  he 
has  become  a  leader  in  this  field. 


GUIDANCE  SYSTEMS 


The  history  of  guidance  systems  is  short. 
All  of  the  significant  developments  are  recent, 
principally  because  the  state  of  electronics  be¬ 
fore  the  nineteen  forties  was  relatively  primi¬ 
tive.  Many  of  the  pioneers  in  the  fields  of  mis¬ 
sile  guidance  and  propulsion  arc  still  actively  at 
work  on  guided  missile  development. 


The  Americans  developed  a 


bomb 


called  bit  Bug,  during  the  first  World  War.  It 
was  simply  a  pilotless  aircraft,  with  a  range 
of  about  400  miles.  The  Bug  was  ready  for 
production  by  the  middle  of  1918,  but  by  that 
time  it  was  apparent  that  the  war  would  be 
over  in  a  few  months,  and  the  Bug  was  never 
produced.  Its  accuracy  would  have  been  poor; 
it  had  no  guidance  system.  But  the  Bug  led  to 
the  suggestion  that  pilotless  aircraft  could  he 


controlled  by  radio. 


spinning  in  1924,  both 


the  Army  and  Navy  experimented  with  radio- 

controlled  planes.  Several  moderately  suc¬ 
cessful  flights  were  made,  with  die  pilotless 
plane  controlled  by  radio  from  a  parent  plane 
that  flew  nearby.  This  project  was  dropped  in 
1932  for  lack  ol  money. 

In  1935,  an  American  high- school  student 


named  Walter  Good  built  and 


a  radio- 


controlled  model  airplane.  This  was  the  first 
time  on  record  that  a  plane  of  any  kind  had 
been  successfully  launched,  flown,  and  landed 


while  under  complete  radio  control  from  the 
ground.  One  of  the  problems  that  plagued  the 
armed  forces  was  stabilization— keeping  the 

aircraft  on  an  even  keel  SO  that  it  could  re¬ 
spond  properly  to  radio  commands.  Because 
a  well -built  model  airplane  is  inherently  stable. 
Good  didn't  have  to  worry  about  this  problem. 
His  contribution  was  to  design  and  build  a  mini¬ 
ature  radio  receiver  coupled  to  the  control  sur¬ 
faces  through  a  miniature  servo*  system* 

The  Army  and  Navy  resumed  their  experi¬ 
ments  with  radio  command  during  the  late 

thirties*  and  bv  1 94 0  both  had  develop ed  radio- 
controlled  planes  f&r  use  as  target  drones. 
Missiles  with  elementary  preset  and  command 
guidance  were  used  during  World  War  II,  but 
successful  to  earn- riding,  radar  and  infrared 
homing,  and  inertial  guidance  systems  are  all 
postwar  developments. 

Although  the  Germans  had  the  most  spec¬ 
tacular  tactical  success  with  guided  missiles, 
our  own  Government  made  considerable  prog¬ 
ress  in  research  on  radar  homing,  aerodynam¬ 
ics,  control  of  glide  bombs,  and  pilotless  air¬ 
craft*  Th$  first  homing  guided  missiles  to  be 
used  successfully  by  any  nation  were  flying  BAT 

□  □mbs*  launched  from  Navy  planes  {fig,  l-l)* 
The  code  name  BAT  suggests  the  principle  on 
which  it  operated.  Like  bats,  which  give  out 
short  sound  pulses  and  guide  the  ms  elves  by 
reflected  echoes,  the  BAT  missile  was  directed 

by  radar  echoes  from  the  target*  The  missile 

was  equipped  with  a  radar  transmitter  and 
receiver  which  enabled  it  to  home  on  the  target* 
Figure  1-1A  shows  the  BAT  mounted  in  a  glider 

type  of  airframe- 

The  Azon  missile  {fig.  1-1B)  was  controlled 
in  AZimuth  ONly.  It  was  a  standard  1000 -lb 
bomb  fitted  with  an  extended  tail  that  carried  a 
flare,  a  radio  receiver,  a  gyro  stabiliser  tq 
prevent  roll,  and  rudders  for  steering  right  and 

left.  This  air-launched  missile  was  used  with 
great  success  in  destroy  ing bridges,  canal  locks, 
and  similar  targets. 

The  F  elLx,  bomb  (fig.  1-  1C }  was  automatically 
guided  by  means  of  an  infrared  homing  device 

located  In  its  nose*  WW  LI  ended  before  it  was 

used  in  combat* 

The  Roc  missile  (fig.  1-  ID )  combined  tele¬ 
vision  equipment  for  transmitting  a  picture  of 
the  target  to  the  launching  plane  and  a  radio - 
control  system  for  guiding  the  missile*  This  was 
the  first  use  of  television  as  a  method  of 
guidance.  The  TON,  a  Navy  missile  used  against 
the  Japanese  sea  targets  and  some  shoreline 
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targets  In  the  South  Pacific,,  also  used  televlsion- 
radio  command  guidance-  The  FavyJg  air-to- 

sutfa.ce  glided  bomb,  Walleye,  uses  TV  contrast 
homing  guidance. 


GUIDED  MISSILES  IN  WORLD  WAR  II 


During  World  War  11,  the  Japanese  developed 
and  used  two  devices  of  interest  in  the  history 
of  guided  missiles.  One  of  these  was  an  air- 
launched,  rad  in -control  led,  rocket- assisted 
Elide  bomb.  Its  performance  was  limited.  It 

had  to  be  launched  from  a  plane  at  low  altitude, 
within  two  and  a  hall  miles  of  the  target*  This 
made  the  launching  planes  highly  vulnerable 
to  antiaircraft  fire,  especially  after  we  began 

to  use  the  proximity  fuss,  The  Japanese 
dropped  this  project  before  the  end  of  the  war. 

The  second  Japanese  missile  was  the  Baka 
bomb*  This  was  a  rocket -propelled  glide  bomb 
designed  for  use  against  shipping.  It  carried 
a  human  suicide  pilot;  for  this  reason  we 


can't  call  it  a  true  guided  missile.  The  Baka 

bomb  had  poor  maneuverability,  and  because 
of  this  we  were  able  to  shoot  down  a  great 
many  of  them  with  antiaircraft  fire. 

Of  the  guided  missiles  used  diming  World 
War  II,  those  made  by  the  Gei’mans  were  the 
most  advanced,  and  the  most  effective.  The 

V-l  was  developed  early  in  the  war,  and  was 


successfully 


tested  at  Peenemunde  as 


early  as  the  spring  of  L942,  By  1043,  the  PeetlS- 


munde  center  was 


on  48  different 


antiaircraft  missiles.  The  work  was  later  con¬ 
solidated  into  12  projects  in  an  effort  to  get  the 
missiles  into  production  in  time  to  influence 


33. 2-. 6 

Figure  1-1.— Early  types  of  guided  missiles: 
A,  Bat,  radar  guided;  B.  Azon,  radio  command 
guidance:  CL  Felix  bomb*  infrared  homing 
guidance;  D.  Roc  missile,  radio-control  and 
television  guidance. 


The  outcome  of  the  war. 


The  V-l  was  a  robot  bomb— a  pulse  jet  mid- 
wing  monoplane  with  a  conventional  airframe 
and  tail  construction*  It  used  gyro  stabilization 

and  preset  compass  guidance.  It  was  launched 
from  a  ramp  with  the  help  of  boosters,  and,  had 


to  reach  a  speed  of  about 


mph  before  its 


engine  developed  enough  thrust  to  keep  it  air- 
borne-  Their  1-ton  warheads  did  serious  dam¬ 


age*  but  the  V-l  missiles  were  slow.  After 
proximity  fuzes  were  rushed  to  England  to  com¬ 
bat  them,  about  95%  of  them  were  brought  down 
by  antiaircraft  fire* 

The  V-2  was  a  large  missile,  propelled  by 
liquid- fuel  rockets.  Its  total  weight  at  launch¬ 
ing  was  over  14  tons,  including  a  16 50 -pound 
warhead.  It  ’was  launched  vertically,  and  preset 
to  tilt  over  to  a  41-  to  4 7 -degree  angle  a  short 

time  after  launching.  When  it  reached  a  speed 


U- 
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Several  missiles  developed  in  the  United 
States  were  mentioned  above  with  regard  to 
their  guidance  systems.  The  Army  Air  Corps 

b cg'an  the  development  of  guided  gl ide  bombs 

in  1941.  These  included  Azon,  Razon,  Tarzon, 
and  Roc.  Roc  and  Tars  On,  controlled  in  azi¬ 
muth  and  range,  were  developed  during  WW  II 

but  were  not  used  in  combat..  Tarzon  was  used 
successfully  daring  the  Korean  war- 

In  1944,  we  carried  out  a  glide-bomb  mis¬ 
sion  against  Cologne,  Germany,  and  a  majority 
of  the  bombs  reached  the  target  area.  In  this 

same  year,  aircraft  were  used  to  control 
television- sighted,  explosive-laden  bombers 
■called  "Weary  Lillies")  unfit  for  further 

service.  These  radio-controlled  bombers  saw 

some  service  over  Germany, 

Our  first  Jet-propelled  missile  was  a  radio- 

controlled  flying  wing  ol  the  GORGON  series 
of  missiles;  a  later  version  s  copy  of  the 
German  V-l,  with  a  few  improvements. 

By  the  end  of  WW  II,  the  Navy  had  a  number 
of  guided  missile  projects  irs  various  stages 
of  development.  The  Gargoyle  vat?  an  air- 
launched,  Liquid- rocket  engine  powered,  radio- 
controlled  slide  bomb  with  a  flare  for  visual 

■racking.  Another  Navy  glide  bomb,  the  Glomb, 
carried  a  television  monitor  through  which  the 

pilot  oi  the  launching  aircraft  could  observe  its 
approach  to  the  target;  it  was  guided  by  radio 
command.  The  Loon  was  a  U.  S«  Navy  version 

of  tE'ju  German  V-L,  intended  for  shore  bombard¬ 
ment.  The  Gorgon  IIC  was  propelled  by  a  ram¬ 
jet  engine,  tracked  by  radar,  and  guided  by  radio 
^ommann  In  1944,  the  Navy  assigned  develop¬ 
ment  of  the  Bumblebee  project  to  the  Applied 
Physics  Laboratory  ::•[  the  Johns  Hopkins  Uni¬ 
versity.  This  project  has  produced  Terrier, 
Talos,  and  Tartar. 


calculated  to  take  Lt  to  the  target,  its  propulsion 
system  was  shut  down  by  radio  command,  and  it 
then  traveled  a  ballistic  trajectory .  Its  A  ecu  racy 
was  not  high,  and  its  maximum  range  was  only 
about  2 00  miles.  But  it  descended  almost 
vertically  on  its  target,  at  speeds  o£  from 
1800  to  about  3300  mph.  No  V-2  missile  was 

ever  intercepted,  or  shot  down  by  antiaircraft 

fire.  Because  it  was  supersonic,  it  would  hit 
the  target  before  it  was  heard  approaching. 

Five  other  German  missiles  which  were  In 

various  stages  of  final  testing  wEier  the  war 

ended,  are  worth  a  brief  mention; 

Rheinbate  was  a  surface-to-surface  missile 

propelled  by  a  three-stage  rocket,  with  booster- 
assisted  take- off.  li  reached  a  speed  of  over 

3200  mph  about  25  seconds  after  launching*  acid 
had  a  range  of  about  135  miles. 

WasserfaLl  was  a  supersonic  surface-to- 
air  missile,  propelled  by  a  liquid-fuel  rocket 
guided  by  radio  command;  speed;  560  mph; 

range:  30  miles. 

Sch  matter  ling  was  a  smaller  version  of 

Wasserfall,  intended  for  use  against  low-altitude 

targets  at  ranges  up  to  10  miles.  Lt  carried  n 

S5-pound  warhead. 

Enzian  was  another  surface-to-air  missile, 

designed  for  use  against  large  bomber  forma¬ 
tions,  It  was  propelled  by  a  liquid- fuel  rocket, 
and  was  launched  with  four  solid- fuel  booster 
rockets, 

The  X-4  was  an  air-to-air  missile  designed 
for  Launching  from  fighter  aircraft  as  shown 

in  figure  1-2*  It  was  propelled  by  liquid- fuel 
rockets  and  stabilized  by  four  fins  placed  sym¬ 
metrically,  Its  range  waa  1-1/2  miles;  speed 

560  mph  at  an  altitude  of  21,000  ft.  The  X-4  was 

guided  by  commands  from  the  lau nching  a  ir  cr  aft., 
through  a  pair  of  fine  wires  that  unrolled  from 
two  coils  mounted  On  the  tipsof  the  missile  fins. 


Figure  1- £.—  Launching  an  X-4  missile  with  wire 
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Missile  developments  after 

World  War  II 


three  letters  indicated  the  intended  use  of  the 


As  we  have  shown,  the  principal 
missile  developments  during  World 
were  German;  the  United  States  lagged  far  be¬ 
hind.  Japanese  and  British  missile  develop- 


as  we 


ments  were  insignificant*  and  as 
know,  the  Russians  hadi  none  at  all.  in  1945* 
the  Russians  raptured  most  of  the  production 


A  AM— air-to-air  missile 

air*tO“  surface 
A  U  M— air-to  -und  e  mte  r 
SA  M—  sur  fa  c  e-  to  -ai  r 
S3  M— su  r  fa  ee  - t  a-  su  rface 
U  A  M— unde  r  wat  er-  to  -  a  i  r 

underwater- to-  surface 


These  designations  will  not  disappear  from 


engineers  and  technicians  of  the  v-£  project*  use  in  the  immediate  future  Publications  will 
as  well  as  several  tons  of  missile  data  and  not  be  rev: sod  merely  to  change  missile  des- 


perhaps  a  few  v-2  missiles.  The  desirm  staff 


the  new,  uniform  designations 


of  the  Peenetnunde  project,  including  von  Braun  will  be  used  in  new  and  in  revised  publications 


and  his  principal  assistants,  surrendered  to  the  The  new 


indicates  the  launch  en 


Americans  rather  than  to  the  Russians,  We  v  iron  mem  where  launched  ami  from  what  type 
captured  and  shipped  to  the  proving  ground  at  of  launching  device),  mission,  delivery  vehicle 
White  Sands,  New  Mexico,  enough  intact  V- 2s  and  type,  design  number,  and  series  symbol  of  thr 


spare  parts  to  make,  eventually,  about  TO  com¬ 
plete  missiles. 


During  the  first  few  years  after  the  war, 
both  American  and  Russian  missile  effort  was 
partially  devoted  to  assimilating  the  German 
developments.  Our  own  experiments  with  the 
captured  v-2s  provided  valuable  training  for 
launching  crews,  and  valuable  knowledge  of 
missile  engineering.  Our  "V- 2  Program"  ran 
from  March  1946  to  June 


missile.  Attachment  6  to  the  BU WEPSINST 
lists  the  current  designation,  former  designa¬ 
tion,  popular  name,  and  service  of  missiles* 
rockets*  and  probes  in  all  the  United  States 


rms 


services  at  the  time  of  publication, 
siles  and  rockets  are  assigned  the  next  con¬ 
secutive  design  number  within  the  appropriate 

basic  mission. 


.  One  of  Its 

principal  successes  was  a  high-altitude  record 
of  250  miles,  achieved  by  a  WAC-Corporal 
missile  boosted  by  a  V_2,  This  record  stood 
for  many  years, 


NEW  DESIGNATIONS  FOR  MISSILES 


The  following  table  explains  the-  new 
ignations  and  lists  the  Navy  missiles  and  rockets 
with  their  current  and  former  designations. 

The  design  number  is  a  number  assigned 
Postwar  missile  development  has  been  rapid,  to  each  type  of  missile  with  the  number  li\ir 


Many  missiles  are  now  operational;  many  others 
have  been  abandoned  at  various  stages  of  de 


to  the  first  missile  developed.  For 
11  five  modifirati  ns  oi  the  Terrier 


velopment*  or  rendered  obsolete  by  more  ad-  missile  [BW-Q*  BW-1,  BT-3,  BT-3A  and 


1 t  *1*# 


2 


Tartar  missile 


v  a  need  weapons-  We  will  not  try  to  cover  these  have  the  design  number 
developments  here;  a  list  of  obsolete  missiles  modifications  'Basic  and  Improved  Tartar) have 
would  be  longer  than  a  list  of  those  now  cur-  the  design  number  rf24 


rent. 


To  distinguish 


modifications:  of  a 


missile 


series  symbol  letters  beginning 


with 


iff 


ArJ  are  assigned.  Therefore,  the  Terrier 


CLASSIFICATION  OF 
UNITED  STATES  MISSILES 


BW-0  has  been  assigned  the  symbol  letter 


"A” 


and  the  Terri e r  BW-1  has  been  assigned 


the  symbol  letter 


f  i 


B 


ft 


The  series  symbol 


GENERAL 


letter  follows  the  design  number-  Incidentally, 
to  avoid  confusion  between  letters  and  numbers, 
the  letters  <JT”  and  "0“  will  not  be  used. 

tf  necessary*  a  prefix  letter  is  included  be- 
every  missile  Is  assigned  a  designation  cor-  fore  the  military  designation,  A  list  of  ap- 


A  It  hough  missiles  are  popularly  known  by 
their  names,  such  as  Sidewinder  or  Terrier, 


sisting  letters  rtni  numerals.  In  thedesigna 


plicabie  prefix  letters  is  shown  at  the  bottom 


tion  system  used  until  the  recent  change  of  the  table  on  the  following  page 


(required  by  DOB  Directive  4000,20  and  imple¬ 


All  Navy  missiles  are  assigned  mark  (Mk) 


mented  by  BUWEPSINST  0000.2),  the  first  and  modification  (Mod) numbers.  These  numbers 
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Haw  Muwk  floetet  BealCT^UOfid 


TOeprhntcd  IfUffi  >i"j|  Avtai 

LAUNCH  ENV1ROSW&NT  SYMBOLS 
Utttr  Title  Lkseriptiyn 

A  Air  Air  tannf  hed- 

B  Multiple  Capable  of  being  Uunc  3i&d  f  poms  ntftr  u  t fcsui 

ftnft 

c  Coffin  UorlKmtally  alamo  in  j  proiocilre  Ki¬ 

cks  iure  and  gr oiirid -la  Ui  i ■* 

H  Site  Vertically  slOrcd!  IttlflW ground  14ml  and 

Stored  launched  from.  the  ground* 

L  Silo  VOET.  ’iUy  stored  and  launched  from  be- 

Idunelied  leu  4  ruicd  level* 

Hi  Mobile  latmcbid  from  i  ground  whtabtw  aaoi  - 

ablr-  pL^liorm- 

P  Soft  Pad  Part  tally  Gc-  ft  girdle*  led  tn  ■tafftCLt?  auid 

launched  IrOrft  Wit  tfrCR^id. 

ft  Ship  Lamtehed; IrOiii  2.iiar£jLi$«  voml>  such  AS 

flhipi  hargis  effc* 

IT  Underwater  La.-inch.cci  from  h  submit  sun#  ur  ocher 

underwater  do v'KS* 

MB81W  SYMBOLS 

D  D^COy  Value  lea  deffligned  or  (nodtlitd  to  -c-rafuBe, 

deceive,  or  dlv*rt  deftruii*  uv 
^iTTiulatin^  an  attack  vefttala- 

E  3p^j|]  V  ehicles  designed  tr  HWdtfied  v,  ittitlK- 

Glftctrun&t:  tpoaiie  lor  COinlRLanUyL- 

UMi  raunnriiH^narts.  electronic 

radiation  soufi&ngp  or  other  el«- 

lifOdk  rccordln;  or  rcUv  mm hum* * 

G  Surlaet  Vrtuti«  ifesigned  to  deftroy  bthd  Or  sea 

Aitmck  targets. 

1  LUvrcept-  Viffttcli:#  IQ  intercept  atria i 

Aerial  tar  sets,  ok1  tensive  ur  tifendlTOp 

q  Drur.u  Vehicle*  dOSlEftid  fur  lar^L  reUtti- 

lUdMfLPGdi  or  siurvcLltftiwe  purposes. 

T  IVaininn  Vehicles  designed  w  p*rmwcvn(f!?  mod¬ 

ified  far  training  purpose*. 

U  Under wu  Wr  V c-hic  leu  dm Lgi&od  is  tkuLrdv  Qi  it  rr.  y  rob  - 

Attack  marines  or  c:h.er  tuidgr  water  targets 

Or  to  detw&iLv  undcrwltiTi 

W  Wither  Vehicle*  dui  Noted  to  observe,  record, 

or  relay  nMAeoroklglc*!  lUtA- 

VXHlCLE  TYPE  SYMBOLS 

M  Gaidffd  QvbwmL  wir-pruv-alltd  tfOfrctftfc  ife- 

MlltSlle  5USTlTfEd  to  ZlOYC  la  4  tTAjcCWry  or 

m^hi  path  til  ur  jwri ".ally  abewe  the 
cirfl^E  surface  and  whose  Irtjeisory 
i‘ai  bo  controlled  remote  Ly  of  by  ta am - 
tug  sysiomifc  or  by  Inertial  and  cr 
pfograpimed  guidance  fretn  witMft* 
TULb  term  doel flirt  include  tpaoe-  ve- 
hicl#i!i  bfrontpru,.  Or  navat  ?or- 

pedoeBF  b^r  dot*  Include  tfcrtfet  and 

recooiiiLibiniidc  drcsr-tH* 

W  Probe  Nnfi*t3FbLial  iinurui^flnted  vt  feiok  t  Art  In* 

volvcdin  apace  ndjtMW*  that  ire  used 
to pemair^t*  tbu  ftAfMpisi  cnvajrOA- 
ment  a^d  report  data* 

R  Rocktri  Self-propelled  vehicles  without  lt. stalled 

or  r^mole  control  fUidaiiCM?  mecai- 
jiiimir  whou  trajectory  caaafll  be 
altered  liiuiich+ 


m  XzwSr  ^ojnembar  IWJI 


Fupu.hr  Nuu 

Curr^at  DealgnatlOiB 

farmef  0*#l|P&rttlOr! 

i  err  tar  BW-0 

RIM-  2-\ 

SAM-N-Y 

Terrier  BW  t 

HEM- 2B 

SAM-K-T 

TorrlOP  ST -3 

3UM-SP 

Terrwr  BT-l A 

HEW-  2D 

SAM- 38- Y 

Terrier  HT-3 

RIM-1£ 

SAM-N-7 

Sparrow  f 

ArM-tA 

AAM-N-I 

SpttrrQu  FE 

aim-tb 

AAM-N-3 

Soamv  in 

Hi 

AAU*K-6 

%Alf^w  T3T 

AJM-ltl 

AAMK-tJA 

SporrOw  111 

AIM‘"E 

AAM-K-GB 

h!«  {^Bj 

R&I-AA 

SAM-M-dil 

T9L]4M(  ICBW> 

REM.  6  Li 

SAM- M*  615  W 

Tali®  (e»l) 

R  tM-£C 

SAM-S-tBL 

Tikui  tbBwlJ 

SAM-K-ftnW] 

Talos  {«€} 

JtEM-SE 

SAM-N-6CI 

Sxle^inder  t 

AIM-9A 

AAM-B-7 

SsdewirLder  EA 

AAM'N-f 

Sidv&'lurteif 

EC-SAU 

AAM-N-7 

tldourSfida-F 

iC-Dt 

AtH*n 

AAM-K-7 

Bullpup 

ACM-liA 

ASM-K-7 

Buildup 

AO  M-  [  a». 

asm-k  jA 

Bulls^p 

AGM- 1 2C 

ASM-N-7D 

■  a  1  f  SB  ,  . 

Bylloup  TriLn.LT 

Ae-M-N-7 

t  Mu,  rim  -  l.la  r  ktu  ) 

BaiUpup  Trfluj=r 

A  TM-  ]  SB 

Hawk 

M31-  ISA 

Tartar  Bin  be 

SLM-24A 

SAM-K*7 

Tartar  Improved 

RiM-HlS 

SAM-K-7 

PiiEsrtti  Al 

LC.M-47A 

Polar  AJ 

Pola rid.  A3 

UGM-27C 

Flrebce 

riQM-3  4A 

Q2  C 

Ftnba* 

KDA-1 

Ftrebe  b 

A^M-34C 

KB  A -4 

»QM-3CA 

Knan-H 

AWIOTA 

KD2B-I 

A^M-^illi- 

HP.  jfi 

MQM  *  SB  A 

KIP  33*1 

XQM-4M 

ie>BG-2 

Mrel 

A^M-4Li\ 

APM-M-2 

P.eIcyc 

XMIM  43A 

9UBKOC 

LUM-H4A 

ACM  4&A 

A^kS-K-10 

CucidOr 

ACM-S3A 

ASM-X-tl 

Phoenix 

ADl-^4A 

AAMN-11 

PQM  -  Jli  A 

Rock#!  Sprites 

CT-41 

W«pon  Alpha 

RUR-4A 

ASSOC 

IILR-5A 

STATUS  PUEFIX  SYMBOLS 

.T  Special  Teat  YetsCkn  ospecinUyuofiflr.urod  itoply  w 

iTera^ur^ryJ  accornmodato 

S  Special  Tt*tp  VthcM  Romodifiad  the  will  not  btrt- 

iBcfmanMt)  turned  to  original  ust- 

X  iiprtaaiBtil  VdhUil*i  uiwioir  feVAteiVAmL 

Y  Prcionype  thKrrrtftcLidB  Ttiddefl  for  test. 

Z  Fj=jmll2l:  Vtfeklit  in  pianning  sta.§ii- 
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PRINCIPLES  OF  GUIDED  MISSILES  AND  NUCLEAR  WEAPONS 


and  the  name  oftbe missile  constitute  the  official  The  missile  and  booster  together  weigh  more 
nomenclature  approved  by  GuWaps.  Missiles  than  a  ion.  There  are  12  launchers tn  each  Nike 
having  two- stage  propulsion  systems  (separate  battery,  which  is  operated  by  about  100  officers 
boosters),  for  instance,  the  Terrier  and  Tad  os,  and  men, 


have  one  Mk  and  Mod  number  lor  the  complete 


Continued  developmental  vre>rk  with  the  Nike 


round.  However,  the  individual  missile  and  missile  has  resulted  In  improvements  In  the 


booster  sections  have  their  own  mark  and  original  missile. 


Two  mods  of  the 


modification  numbers. 


Hercules,  the  MIM-14A  and  Mflf-HB,  are 


All  missiles  in  service,  as  w-ell  as  most  operational.  Batteries  of  Nike- Hercules  (ro¬ 
of  those  still  under  development,  have  been  placing  the  Nike- A j a?:)  are  deployed  in  the 
given  popular  names.  Some  of  these  names  United  States  and  in  Europe  (NATO  countries 


follow  this  pattern: 

AGM,  ATM* Winged  creatures 
Sparrow,  Rat, 


only).  The  Ntke-Hercules  has  a  range  rf  about 


Example:  7S  miles  and  a 


of  1  DtGD0  pounds,  it  is 


capable  of  carding  a  nuclear  warhead;  it  isde- 
RIM— Mythological  terms,  Example:  Tales*  signed  for  use  against  either  single  aircraft  or 


R€t  M— A  at  r  ono  m  ic  al  terms 


UGM , 

ample*:  Polaris,  Rt-culus, 


Ex 


whole  formations  of  aircraft*  The  missile  is 

ft*  long;  the  booster  14-1/2  ft,  tong.  Both 


At  the  present  time,  most  missiles  appear  use  solid  propellant.  The  warhead  is  provided 


to  be 


to  the  above  l* rules,”  For  with  a  safety  feature,  so  that  it  can  detonate 


example,  Sidewinder  and  Bultpup  are  not  winged  only  at  altitudes  sufficiently  high  to  prevent 
creatures;  Terrier  is  not  a  mythological  term;  damage  to  friendly  surrounding  terrain* 


Asroc  and  Alla  are  not  astronomical  terms - 
Many  of  the  air  launched  missiles  are 
named  after  birds:  Falcon,  Quail*  Hawk,  Petrel, 


Nike- Zeus  (XI JM)  is  an  antimissile  missile 

a  nuclear  warhead,  and  designed 

United  States  against  attack  by 


Redhead  Road  runner,  Shrike,  and  Condor.  Note  enemy  intercontinental  ballistic  missiles*  it 

that  all  of  these  except  one  (Quail,  used  as  a  has  a  200-mile  range  and  weighs  22,®00pounds. 

decoy)  are  birds  of  prey  marked  by  character-  It  is  more  than  twice  as  long  and  three  times 

istics  of  swift,  aggressive  action,  and  therefore  greater  in  diameter  than  the  Nike- Ajax.  The 

appropriate  for  missile  names.  I#X'*  in  its  designation  indicates  that  it  is  ex¬ 

perimental  and  not  yet  deployed  (at  time  of  this 
writing}* 

The  Nike-X  is  under  development:  it  is 
planned  to  intercept  submarine- launched  mis¬ 
siles.  The  most  advanced  portions  of  the  Nike* 

Zeus  are  used  in  it* 

Hawk  (XMIM)  is  designed  to  supplement  the 
missile  system  by  destroying  attacking 


CURRENT  U.S.  SERVICE  MISSILES 


general 


Because  of  the  rapid  developments  in  the 


guided  missile 


the  lists  Hi ven  below  will 


be  out  of  date  before  you  can  read  them*  Some  aircraft  at  low  altitudes.  The  launching  fa- 

of  the  missiles  listed  may  have  become  ob-  ci  lilies  are  sufficiently  portable  to  be  used  by 

solcte.  Others,  now'  under  development,  will  fast-moving  combat  troops.  Hawk  is  propelled 

probably  be  announced.  by  a  solid-fuel  rocket.  The  missile  is  about 

17  ft*  long*  and  about  14  inches  in  diameter. 
It  has  a  22-mile  range  and  weighs  about  1275 
pounds*  Operational  mods  are  deployed  in 
Ntke-Ajax  (BUM)  la  the  Army's  first  super*  Europe,  Panama,  Okinawa,  and  the  U.S.;  ad- 

sonic  antiaircraft  guided  missile.  Redesigned  vanned  mods  are  being  produced  and  tested* 

to  intercept  and  destroy  attacking  enemy  aircraft  Hawk  has  intercepted  Corporal*  Honest  John, 

regardless  of  evasive  action.  Nike  guided  mis-  and  Little  John  rockets  in  flight. 


ARMY  MISSILES 


3  lie  units  are  no-w  deployed  around  vital  in 


Corporal  (MGM)  may  be  equipped  with  either 


dust  rial,  highly  populated,  and  strategic  areas  a  nuclear  or  a  conventional  warhead.  Itvas  the 
of  the  United  States  Nlke-Ajsx  is  about  20  ft.  first  guided  missile  capable  of  carrying  a 
long  and  1  ft.  in  diameter,  with  two  sets  of  fins  nuclear  warhead.  It  can  engage  tactical  targets 
for  guidance  and 


*  ft  is  boosted  to  at  ranges  of  75  miles  or  more.  Corporal  gives 
supersonic  speed  by  a  solid-propellant  booster,  the  Army  field  commander  great  firepower  nn 
and  maintained  by  a  liquid-fuel  su  stain  er  motor.  the  battlefield,  and  enables  him  to  strike  selected 
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larged  deep  in  enemy  rear  areas-  Corpora! 

follows  a  ballistic  trajectory  during  most  of  its 
lUght;  weather  and  visibility  conditions  place  no 
restriction  on  its  use.  The  propulsion  system 


uses  a  liquid -fuel  rocket  motor-  Tns  missile- 
travels  through  space  at  several  times  the 
speed  of  sound.  Corporal  battalions  are  now 
deployed  in  Europe,  but  are  being  replaced  by 
the  more  potent  Sergeant. 


Sergeant  (XMGM)  is  a  single- stag e,  solid- 
propellant,  ballistic  guided  missile  intended  to 
replace  Corporal,  with  improvements  in  power, 
range,  and  accuracy.  It  has  entirely  replaced 

the  first  atomic  artillery,  the  2 SO- mm  "Atomic 

Annie/*  with  S-lnch  howitzers  firing  an  atomic 
shell . 

Redstone  (PGM)  is  a  supersonic  single-stage 
ballistic  missile  with  a  range  Of  about  200  miles, 
designed  to  extend  and  supplement  the  range  and 

fire  power  of  Army  artillery,  It  la  deployed  in 

Europe  but  is  being  replaced  by  Pershing. 

The  Pershing  (XMGM)  is  a  two- stage, 
10, 000- lb  solid-propellant  missile.  It  is  trans¬ 
ported  on  a  tracked  vehicle  or  helicopter.  The 
Pershing  has  a  400- mile  range,  compared  to 
the  200- mile  range  of  the  Redstone-  its  war¬ 
head  13  nuclear;  its  trajectory  is  like  that  o i  an 
inter  continental  ballistic  missile. 


Jupiter  (PGM)  was  the  Army's  intermediate- 

range  ballistic  missile  [no  longer  in  service 
as  a  missile).  Its  range  is  in  the  order  of 
1500  miles,  and  it  is  propelled  by  a  liquid- 

fuel  rocket.  In  1056-57  the  Navy  tried  to  make 
it  a  sub  marine- launched  missile,  then  decided 
that  the  liquid  propellant  system  made  it  un¬ 
suitable  lor  sub ma rine  use,  and  dropped  the 
project  to  begin  development  of  the  Polaris* 
The  Jupiter-C  [without  the  warhead,  of  course  ?, 
was  used  for  the  Vanguard  earth  satellite  pro¬ 
gram  by  providing  a  back-up  satellite  launch¬ 
ing  capability. 


Lacrosse 


is  used  in  close  Tactical 


support  of  ground  troops,  it  is  an  all-weather 
missile,  propelled  by  a  solid- fug]  rocket  motor, 
with  a  maximum  rang?  of  20  miles,  and  capable 

of  carrying  warheads  highly  effective  in  a  rest- 
type  bombing  (rather  than  pinpoint  bombing),  it 

was  designed  tc  supplement,  and  perhaps  e v e n - 
tually  to  replace,  conventional  artillery.  The 
Lacrosse  system  includes  the  missile,  ;i 
launcher  mounted  on  a  standard  Army  truck, 
and  other  ground  equipment.  It  is  operational 
in  Europe,  but  is  being  phased  out  of  inventory, 
to  be  replaced  by  Lance. 


Lance  [XMGM)  was  formerly  designated 
Missile  E,  It  will  replace  the  Honest.  John 
anc  Lacrosse.  Its  range  is  3  to  30  miles,  and 
it  carries  either  a  nuclear  or  a  conventional 
warhead.  Its  high  mobility  makes  it  a  valuable 
aid  to  troops. 

Davy  Crockett  (MGM)  maybe  mounted  on  a 
jeep,  mechanical  mule,  or  armored  personnel 
carrier,  and  one  version  may  be  carried  by  two 
men.  It  has  a  SUb-kilOton  nuclear  warhead  and 
is  meant  as  a  defensive  rather  man  an  offensive 

weapon. 

Redeye  is  a  new  development  In  hand- 
carried  weapons.  It  is  a  shoulder- fired,  solid- 
propulsion,  heat- seeking  missile  to  be  used 
against  low-flying  aircraft  and  helicopters.  It 
13  not  operational  at  this  time.  One  model  is 
designed  for  Marine  Corps  use* 


Konest  John  (MGR) 


is  an  unguided  rocket 


type  with  a  12-  to  20-mile  range*  It  has  a 
nuclear  warhead.  The  Army  is  replacing  it 
with  the  Lance.  The  Marine  Corps  also  for¬ 
merly  used  it. 

Little  John  (MGR)  has  a  10- mile  range. 

It  supplements  the  heavy  artillery  in  airborne 
divisions  and  air- transportable  commands.  It 
may  be  replaced  by  Lance,  It  may  haven 

nuclear  or  a  high  explosive  nonnuclear  warhead. 

The  Army  has  several  missiles  to  be  used 
as  drones  for  target,  reconnaissance,  or  sur¬ 


veillance 


p u  rpo  se  s  * 


Redhead 


Road runner 


,  Kingfisher 
are  so  used, 


(AQm),  and  Cardinal  (MQM) 


Two  mi 33 ties  acquired  from  the  French  are 
the  SS-IC  [MGM)  and  the  SS-ll  [XAGMj,  Both 
are  wire- guided  missiles,  principally  for  anti¬ 
tank  use. 

□thgr  ant  ita  nk  ml  3  sil  es  ar  e  the  E  ntac  { MG  M ) , 
Shillelagh 
The  Shillelagh 


TOW,  and  M-72  (LAW). 

guided  missile  to 


be  firgd  from  a  gun  tube  from  which  conven¬ 
tional  ammunition  can  also  be  fired.  It  is  to 
be  installed  on  the  General  Sheridan  assault 
vehicle,  and  on  assauit  helicopters* 


AIR  FORCE  MISSILES 


Matador  (MGM'I  is  a  tactical  missile  driven 
by  n.  Turbojet  engine  at  a  speed  of  650  mph.  It 

has  a  length  of  about  40  ft  and  a  wing  span  of 

about  28  ft.  It  can  carry  a  nuclear  warhead, 

and  may  be  guided  by  radio  command  or  by  a 
navigational  system.  Its  range  is  more  than 
550  miles.  Tactical  missile  groups  armed  with 
Matador  are  now  deployed  in  Europe  and  on 
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Formosa,  but  no  more  Matador  missiles  are 
being  procured;  it  is  being  replaced  by  Mace. 

Falcon  {AIM)  comes  In  several  versions: 
one  \m#  radar  guidance;  another  has  infrared 

hominEi  Still  another  has  a  hybrid  infrared 

radar  guidance.  Falcon  is  a  supersonic  missile, 
propelled  by  a  solid-fuel  rocket.  It  weighs  about 
100  pounds;  and  is  about  6  ft  long:.  One  model 

.  At  last  count. 


carries  a  nuclear 
thirteen  models  were  in  operational  or  ex¬ 
perimental  stages*  Its  range  i$  about  5 

Genie  (AIR)  is  a  rocket -prop  el  led  air  de¬ 
fense  missile  that  may  be  armed  with  a  nuclear 
warhead  with  proximity  fusing,  Note  that  it  is 
classified  as  a  rocket,  and  is  unguided.  It  was 
formerly  called  Ding-Dong, 

Bom  are  (G 1 M )  is  a  long-range  air  defens? 

missile  that  can  destroy  attacking 


at  ranges  of  more  than  100  miles  and  altitudes 
above  G0T000  ft.  The  missile  is  about  47  ft 
long,  hag  a  wine  span  of  about  Ifl  ft,  and  weighs 
about  15,000  pounds.  It  is  launched  vertically 
by  solid-fuel  boosters,  and  is  sustained  in  flight 
by  twin  ramjet  engines.  Bomarc  B  attains  a 
speed  of  Mach  2J  and  has  a  range  of  more  than 
400  nautical  miles  and  carries  a  nuclear  war¬ 
head, 

Thor  :PGiVT  is  the  Air  Force's  int  ermedia  te¬ 


nant  e  ballistic  missile 


It  is  propelled 


by  liquid-fuel  racket  at  a  speed  of  Mach  10: 
rangu  is  over  1S00  miles.  Thor  Is  provided 
with  an  inertial  guidance  system. 

Thor  has  been  phased  out  as  a  missile  And  in 
being  converted  for  space  boosters.  Thor  Able, 

a  series  of  multistage  rockets  using  the  Thor 
missile,  has  been  used  for  a  series  of  lunar 
probes  and  for  carrying  a  recoverable  data 
capsule  {containing  a  mouse J  over  its 
mile  flight  range. 

Atlas  [PGM)  is  an  intercontinental  ballistic 
missile  with  a  range  of  more  than  5000  miles* 
It  is  launched  by  rocket  engines  that  develop 

many  tons  of  thrust,  and  mill  Ions  of  horsepower, 
within  a  few  seconds..  Atlas  reaches  a  top  speed 
of  about  Mach  15—  more  than  10,000  miles  an 
hour.  It  will  descend  on  its  target  at  that  speed, 
from  a  height  of  about  800  miles.  This  huge 
liquid- propellant  missile  is  launched  vertically 
from  a  iixed  base.  It  carries  a  nuclear  war¬ 
head.  It  is  being  phased  out  for  missile  use  and 
being  developed  as  a  launch  vehicle  for  the  space 
program.  The  first  Mercury  spacecraft  to  Orbit 
the  earth,  with  Colonel  JohnH, Glenn  Jr,  aboard, 
was  boosted  into  orbit  by  an  Atlas  booster. 


A  second  liquid- fuel ed  giant  is  the  two* stage 

Titan.  Titan  1  {H G M )  and  Titan  II  (LG MO  dre 

intercontinental  ballistic  missiles.  In  general, 
Titan  is  similar  to  Atlas,  except  that  Titan  has 
a  second- stage  motor.  It  lias  the  greatest  pay- 
load  and.  range  of  any  of  our  iCBMa.  Titan  II 
is  being  used  for  the  Gemini  spacecraft,  which 
is  a  three -ton,  two-man  vehicle  planned  to 
rendezvous  equipment  in  space  and.  assemble 
it,  and  to  test  the  effect  or  prolonged  weight¬ 
lessness  in  man, 

One  of  the  most  public ized  missiles  is  the 
Mi  not  email  (LGM).  As  the  name  implies } 
readmes s  for  prompt  firing  is  an  important 
feature.  It  is  called  a  second  generation  ICBM* 
which  means  that  it  incorporates  many  im¬ 
provements  over  The  first  ICBMs,  the  AtlAs 
and  Titan.  It  is  a  5500-mUe  range,  inertially 
guided,  sol  id- propellant  ballistic  missile  with 
three-  stages.  Numbers  of  Ml  nut  email  missiles 
are  deployed  in  hardened  and  dispersed  silos* 
Once  set  up  and  checked  out,  the  missile  is 
ready  to  fire  at  a  moment's  notice,  requires 
very  little  supporting  equipment,  and  is  able 
to  stand  by*  ready  to  fire,  for  Jong  periods  of 
time  with  very  little  maintenance.  Minuteman 
II  has  an  improved  juidancr  and  control  system 
and  an  improved  reentry  vehicle, 

Two  types  of  the  Mace  are  used  by  the  Air 
Force,  one  launched  from  a  mobile  basn  (MGM) 
and  one  from  hard  sites  (COM).  Both  types  are 
deployed  at  sates.  It  is  an  air-breathing  surface- 
to-surface  missile  with  inertial  guidance.  It  ts 
turbojet  powered  and  may  have  either  a  con¬ 
ventional  or  n  nuclear  warhead*  The  B  model 
has  a  1200-mile  range.  Its  predecessor  was 
the  Matador.  The  recoverability  of  training 
missiles  was  demonstrated  with  the  Mace » 

Quail  (ADM)  is  an  air -launched  decoy  de¬ 
signed  to  contuse  enemy  defenses*  It  is  de¬ 
ployed  lit  SAC  bases,  to  be  carried  by  B*5£e*  Its 
range  is  about  200  miles;  the  turbojet  powered 
advanced  version  has  a  range  of  about  400  miles. 

Hound  Dog  (AGM)  is  launched  by  inter¬ 
continental  bombers.  It  is  an  air-breathing* 
air-to-surface  standoff  missile  with  a  range 
of  over  500  nautical  miles.  The  B  version  has 
a  nuclear  warhead,  and  is  turbo  jet  powered. 

Missiles  that  are  used  by  the  Air  Force  and 
the  Navy  arc  Bullpup,  Sidewinder,  Sparrow  111, 
and  Shrike.  These  are  described  In  the  next 
section. 

In  the  process  of  developing  and  perfecting 
missiles,  some  a  re  dropped  from  the  program. 
Two  examples  are  the  Srtark,  begun  about  the 
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same  time  as  the  Matador,  and  the  Rascal.  The 
Snark  was  actually  a  pilotless  aircraft  and  the 
Ha  seal  was  a  rocket- powered  missile. 


NAVY  MISSILES 


Sidewinder  (AIM)  (fig.  3-3)  is  probably  the 
simplest  and  cheapest  of  all  guided  missiles 
It  is  about  9  ft  long,  and  weighs  about  1 5  i>  pounds  , 
It  has  only  about  24  moving  parts,  and  no  more 
electronic  parts  than  a  table  radio.  It  attains 
a  speed  of  Mach  2  relative  to  the  launcher,  and 
a  range  of  several  miles;  it  is  designed  to 
destroy  high-performance  aircraft  from  sea 
level  to  altitudes  above  50,000  ft.  It  has  an 
infrared  homing  system.  Sidewinder  was  named 
after  a  desert  rattlesnake.  (The  Sidewinder 


snake,  like  all  of  the  pit  vipers,  has  infrared 
receptors  on  its  head  that  enable  it  to  detect 


the  presence  of 

winder  Is  now 
used  by  squadrons 


by  its  body  heat,)  Side- 
p rimary  air l 

ipi  rh  ft 


Mediterranean,  and  the  Seventh  Fleet  in  the 
Western  Pacific.  The  Sidewinder- 1C  version 


has  an  improved  rocket  motor  and  has  switch- 

able  guidance,  infrared  or  radar-guided.  The 
physical  appearance  of  the  improved  Side¬ 
winder  is  very  similar  to  that  of  its  predeces¬ 
sors  but  its  performance  is  quite  different. 
The  Air  Force  also  uses  the  Sidewinder  missile, 


Sparrow  I  (AIM)  is  12  ft  long  and  weighs 
300  pounds;  it  reaches  a  speed  of  Mach  2.5 
relative  to  the  launcher,  within  a  few  seconds 
after  launching,  It  is  provided  with  beam- 
rider  guidance,  and  is  propelled  by  a  solid-fuel 
rocket.  Navy  planes  can  carry  two  to  four  of 
the  missiles,  and  can  fire  them  singly  or  in 

salvos. 


Sparrow  II  (AIM)  wag  developed  as  an  ex¬ 
perimental  missile,  and  not  intended  to  become 

operational.  It  has,  however t  been  adopted  for 
operational  use  by  the  Royal  Canadian  Air 

Force. 


Sparrow  ill  (AIM)  is  very  similar  to  Spar¬ 
row  but  with  a  much  more  sophisticated 
semi-active  CW  homing  guidance  system.  It  is 
slightly  heavier  than  Sparrow  I,  a  little  faster, 
and  has  a  longer  range.  It  wilt  first  supplement, 
and  then  replace  Sparrow  1  in  the  fleet. 

Sparrow  III  (AIM)  is  also  used  by  the  Air 

Force.  Severs!  versions  of  Sparrow  HE  are  in 
use*  and  research  is  continuing  to  improve  the 
missile  further.  Temperature-resistant  ex¬ 
plosives,  greater  seeker  sensitivity,  greater 
range,,  higher  maximum  altitude,  increased  re- 


1 44 . 1 

Figure  1-3, —Pilot  in  high- altitude  flight  suit 

stands  beside  the  Sidewinder  missile. 


si  stanc  e  to  c  ount  e  rra  ea  su  r  e  s  t  a  nd  1  onge  r  el  ectr  i  - 
cal  power  burn  time  are  improvements  included 
in  the  Sparrow  ITL 

Petrel  (AQM)  is  newly  obsolete;  although  a 
few  of  these  missiles  ma>  still  be  found  in  the 
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fleet,  they  no  longer  in  production*  Petrel 
is  a  subsonic  missile  with  radar  homing, 
□owe red  by  a  turbojet  engine.  Its  payload  is 
not  a  warhead,  but  a  homing  torpedo*  At  its 
designation  indicates,  it  is  now  used  as  a 

drone* 

Bullpup  {ASM}  is  li  ft  long  and  weighs 
about  540  pounds*  it  is  relatively  inexpensive, 
simple  in  design,  and  extremely  accurate. 
Bull  pup  is  a  tactical  missile  with  a  conventional 
warhead,  designed  for  use  by  carrier-based 
aircraft  against  small  targets  such  as  pillboxes, 

tanks,  and  truck  convoys,  in  support  of  ground 
troops.  It  is  powered  by  a  sol  id -fuel  rocket,  and 
has  a  range  of  15,000  ft  at  a  speed  Of  Mach  2 , 

Bull  pup  R  is  a  big  brother  version  of  the 
original  missile.  It  is  longer,  heavier,  faster 
(with  a  consequently  greater  range)  and  carries 
a  1000- lb  warhead  instead  of  a  250-lb  warhead. 
It  is  not  intended  to  replace  Bullpup  A,buttn 
complement  it*  Many  of  the  components  are 
interchangeable*  The  Bull  pup  B  has  an  alb 

weather  capability  which  the  A  did  not  have;  it 

can  locate  and  destroy  its  target  in  foul  weather, 
at  night,  or  in  poor  visibility. 

One  version  of  Bullpup  has  3  prepackaged 
liquid  motor  and  a  nuclear  warhead*  Several 
years  of  research  were  needed  to  produce  a  fuel 
c omb im t ion  with  good  storage  properties,  and 
reliability,  that  could  be  handled  with  safety.  Not 
all  problems  with  the  liquid  propellant  engine 
have  been  solved* 

Bullpup  is  also  used  by  the  Air  Force. 

The  Navy's  3  Ts— Terrier,  Talas*  and 
Tartar— have  undergone  many  changes  since 
their  inception,  The  Typhon  program*  which 
was  to  incorporate  all  three  missiles  into 
one  system,  has  been  set  back  for  further  re¬ 
search.  New  research  is  going  on  to  develop 
a  system  in  which  the  3  Ts  can  be  used  as  part 
of  a  system F  possibly  using  the  same  launching 
system. 

Our  first  missile  ship,  the  U.S.S*  Gyatt 
i’DDG-l!if  was  Ckiufpped  with  Terrier  missiles* 

Terrier  [RIM:  {fi£.  1-4)  is  ,i  supersonic 
be  am  -  riding  antiaircraft  missile  with  a  range 
of  more  than  JO  miles*  (The  HT-3  Terrier 
uses  semi- active  homing  guidance*)  H  is 

launched  by  a  solid- fbei  booster  rocket,  and 
is  propelled  by  a  solid-fuel  sustain* r  rocket. 

Terrier  is  about  15  feet  long  without  Us 

booster,  and  weighs  1-1/2  tons*  Terrier 
batteries  have  been  installed  on  the  guided 
missile  cruisers  Boston.  Canberra.  Topeka. 


Providence,  and  Springfield:  the  attack  .air 

.raft  carriers  KiUyHawk,  America,  and  Cun 

gt  citation;  the  nuclea r- po wer e<f  “cru i ser  Lon 
Beach;  on  frigates,  plus  several  destroyers  t. 


Advane-d  Terrier  is  quite  different  from  the 
early  Terrier.  A  nuclear  warhead  is  available 
for  it,  and  improvements  have  been  made  in 
ihe  conventional  explosive  warheads*  Important 
changes  have  been  made  in  the  control  system, 
which,  although  not  a  part  of  the  missile,  is 
indispensable  for  its  operational  use. 

Although  considerably  smaller,  the  Tartar 
[RIM)  is  similar  tn  function  to  Terrier,  except 
that  it  is  propelled  by  a  dual-thrust  rocket,  and 
as  launched  without  a  separate  booster.  The 
Tartar  system,  designed  forDDJs,  is  installed 
aboard  the  guided  missile  destroyers  numbers 
2  through  24,  and  aboard  the  cruisers  Chicago, 
Columbus,  and  A Ibany .  At  present  writing,  aiv 
destroyer  escorts  (DEG s)  also  are  to  be  armed 
with  Tartar  missiles*  On  cruisers,  it  supple¬ 
ments  the  Tales  missile.  Its  launching  system 
is  compact  and  rapid  firing,  which  makes  it 
adaptable  to  destroyers,  and  even  smaller 
ships*  Figure  1-5  shows  a  Tartar  missile 
leaving  the  launcher,  which  holds  two  missiles. 
A  smaller  model  launcher  holds  only  one 

Tartar  missile  at  a  time* 

Tales  (RIM)  fig.  1-6}  is  a  two-stage  mis¬ 
sile  designed  to  bring  down  enemy  aircraft 
and  missiles  at  ranees  of  65  miles  or  more* 
It  is  20  feet  long,  and  weighs  1-1/2  tons.  It  is 
launched  with  so l id- fuel  boosters,  and  vs  sus¬ 
tained  in  flight  by  a  ramjet;  it  reaches  a  speed 

in  vices s  of  Mach  2  within  about  10-  seconds  of 
launching*  It  can  be  used  with  either  a  nuclear 
warhead  or  a  conventional  warhead,  During  the 
first  part  of  its  flight,  Talos  is  a  beam  rider* 
As  It  approaches  its  target,  it  switches  over 
to  homing  guidance-  TaSos  systems  are  installed 
n  the  crutsers  Galveston,  Little  Rock,  Okla- 

■—a.  ■  —  ■  |  |  ■  — nBnsBH 

homa  City*  Albany,  Columbus,  Chicago,  and 
Long;  Beach. 

Polaris  (UGM)  (fig*  1-7)  is  the  Navy's 
intermediate- range  ballistic  missile,  with  a 
range  up  to  2500  miles.  It  is  designed  for 
launching  either  from  surface  ships  or  from 
submerged  submarines,  for  bombardment  of 
shore  targets.  It  is  propelled  by  solid  fuel.  At 
present,  nineteen  submarines  capable □( launch¬ 
ing  Polaris  are  operational.  Each  submarine 
carrier  1$  missiles.  At  this  time,  develop¬ 
mental  work  on  the  Polaris  is  centered  on  im¬ 
provement  of  the  submarine -launched  missile* 
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Figure  1-4.—' Terrier  ttitssiles  and  launchers. 


33.2G2 


Three  versions  nf  Polaris  have  been  de 

veloped;  A-l,  A-2,  and  A-3.  The  A-l  and  A- 
are  operational;  the  A- 3  has  been  successfully 
tested  and  soon  will  be  aboard  submarines, 
replacing  the  older  mods.  The  Poseidon  missile 
is  being  developed  from  the  Polaris  technology. 
The  Increase  In  rang&j  from  1500  miles  for 

the  A- 1  to  over  2500  miles  for  the  A- 3,  is  one 
of  the  most  striking  improvements,  With  their 


nuclear  warheads,  Polaris  submarines  can  de¬ 
liver  a  blow  on  the  enemy  which  can  eliminate 

Several  large  industrial  areas  within  minutes 

alter*  an  attack  on  the  United  States. 


The  emphasis  currently  is  on  antisubmarine 
warfare  (ASW)#  and  several  weapons  are  being 
developed  or  improved. 

A 1  though  A  g  roc  (RU R }  i  g  not  a  guided  mi  ssil  e , 
but  a  rocket- prop  el  led  torpedo  or  a  depth 
charge,  it  is  one  of  the  important  missiles  Of 
the  Navy,  It  Is  part  of  the  missile  armament 
of  many  destroyers,  including  destroyer  escorts, 

and  of  four  cruisers ,  One  form  of  the  Asroc 

is  a  surface- ship  launched,  rocket -prop died 
homing  torpedo  and  the  other  is  a  nuclear  depth 
charge,  also  rocket  propelled.  Both  forms  can 
be  fired  from  the  same  deck- emplaced  launcher. 
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Some  destroyers  have  the  DASH  (Destroyer 
Anti-Sub  murine  Helicopter)  system,  which  de¬ 
livers  the  Asroc  to  the  target  by  means  of  a 
remote-controlled  helicopter.  An  Advanced 
Asroc  is  under  development. 

Two  other  antisubmarine  weapons  are  the 
A  star  and  Subro c  UUM).  Astor  is  a  wire- 
guided  torpedo  and  Subroc  is  a  submarine 

rocket  fired  from  a  torpedo  tube.  Subroc  was 
installed  on  the  ill-fated  submarine  Thresher, 

and  is  being  installed  on  other  a ub marines  of  The 

Thresher  class. 

5  9  -  . 


An 


ant  isui  >m  ar  i  ne  su  r ac  e  -t  o  -  und  erw  ater 


mis  si;  e  d  e  v e l op  e d  and  bu  ill  in  Nor  w  ay  ,  the  Te rn  e. 


is 


being  purchased  by 


the  Navy  to  install 


on  two  destroyer  escorts.  It  is  comparable 


to  our  Weapon  Alfa  (formerly  called  Weapon 

Able),  which  is  being  phased  out. 

Other  missiles  of  the  Navy  in  various  stages 
of  development  and  use  are: 

Shrike  (AGM)f  an  antiradiation  missile  with 
passive  radar  homing,  which  was  formerly  called 
ARM.  The  Air  Force  also  plans  to  use  it. 

Walleye  (ACM),  an  air- to- surface  glide  bomb 
with  TV  guidance  Controlled  by  a  pilot  in  the 
mother  plane,  no  propul  sion^  but  a  powerful 
conventional  warhead,  It  has  shown  amazing 
accuracy  at  a  range  of  several  miles. 

2 uni,  a  Navy  and  Marine  Corps  rocket, 
air-to-surfa.ee.  has  a  5-mile  range.  It  can  be 
armed  with,  various  heads,  including  flares, 

fragmentation,  and  armor  piercing. 
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Figure  I-fL— Talos  missiles  on  launcher  Aboard  ship* 


3,143 


Condor  (AG M )  is  a  long-range  missile  de¬ 
signed  to  enable  aircraft  to  destroy  tactical 
targets  ’wiiile  outside  the  range  of  enemy  de¬ 
fenses*  A  gyro- stabilized  television  camera 
is  the  target  seeker. 


Phoenix  (AIM)  is  a  long- range  air-to-air 
missile  designed  to  be  carried  by  the-  TFX 
Navy  plane. 

Figure  1-8  shows  the  configurations  of 
some  Navy  missiles  and  rockets. 
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Figure  I -8.— Navy  missiles  and  rocket  si  comparative  sizes  and 


CHAPTER  2 


FACTORS  AFFECTING  MISSILE  FLIGHT 


GENERAL 


A  guided  missile,  by  definition,  flies  above 
the  surface  of  the  earth*  Aerodynamic  long- 
range  missiles,  as  well  as  all  missiles  of  short 
and  medium  range*  are  sublet  throughout  their 
fii  ;ht  to  the  forces  imposed  by  thr-  earth’s  at- 


rno  sphere. 


Ballistic 


■ 


tiiev 


follow  a  trajectory  that  takes  them  into  space, 
mu  st  climb  th  ro  u^h  t  h  e  it  mo  sp  her  f_i  3  ft  p  r  1  au  nc  h  - 
injf*  and  must  descend  through  it  before  strik¬ 
ing  the  target.  All  missiles  are  subject  to 
gravitational  and  inertial  forces,  This  chapter 


will 


discuss  the  principal  forces  that 


act  on  a  guided  missile  during  its  flight*  It 
will  show  how  the  missile  traject  tv  may  be 

controlled  by  designing  the  missile  airframe 

and  control  surfaces  tc  utilise  or  overcome 
the  forces  acting  on  them* 

Before  proceeding  further,  some  brief  def¬ 
inition^  maybe  helpful. 

Aerodynamics  mat  be  defined  as  the  science 


that  deals 


the  motion  of  air  and  other 


gases,  and  with  the  forces  acting  on  bodies  mov¬ 
ing  through  these  gases*  An  aerodynamic  mis¬ 
sile  is  one 
maintain  its 


uses  aerodynamic  forces  to 


path . 


A  bn  Hi  si  ic  missile 


does  not  depend  upon  aerodynamic  surfaces  to 
produce  lift;  it  follows  a  ballistic  trajectory 
after  thrust  (from  its  booster)  is  terminated. 
A  guided  missile  can  alter  its  flight  path  by 
means  of  internal  or  external  mechanisms. 

The  earth’s  atmosphere  is  a  gaseous  en- 

the  earth  to  a  height  of 

roughly  250  miles.  The  characteristics  and 
properties  of  the  atmosphere  change  with  al¬ 
titude,  and  therefore  missile  flight  is  affected 

differently. 

An  understanding  of  missile  aerodynamics 
requires  a  familiarity  with  several  Of  the 
basic  laws  of  physics.  These  lnws  will  be 


briefly  summarised-  A  detailed  study  of  air  in 


motion. 


the  mathematical  analysis  of  the 


various  forces  present,  are  beyond  the  scope 
Of  this  text.  The  discussion  will  be  general 
and  qualitative,  and  no  mathematical  develop¬ 
ment  will  be  attempted. 

In  general,  missile  aerodynamics  are  the 
same  for  both  subsonic  and  supersonic  flight  * 
The  basic  requirement  is  common  to  all  craft 
intenct&d  to  fly;  in  order  to  fly  successfully, 
the  craft  must  be  aerodynamicaUy  sound.  But 
the  high  speeds  and  high  altitudes  attained  by 
current  guided  missiles  give  rise  to  new  prob¬ 


lems  nor  encountered  bv  most  conventional  air- 

Hi 

craft.  An  example  is  the  shock  wave  that  is 
produced  when  a  flying  object  attains  the  speed 
of  sound*  Problems  of  oxygen  supply  for  air 
breathing  missiles  arise  at  high  altitudes,  and 
problems  of  skin  heating  by  friction  with  the  air 
arise  at  high  speeds,  and  upon  reentry  into  the 
earth’s  atmosphere, 


THE  ATMOSPHERE 

As  mentioned  above,  the  earth’s  atmosphere 
extends  upward  about  250  miles.  Although, there 
are  some  differences  of  opinion  as  to  where  the 
atmosphere  ends  and  space  begins,  the  limit 
defined  is  generally  accepted.  The  atmosphere 
is  quite  definitely  divided  into  three  layers, 
troposphere,  stratosphere,  and  ionosphere  {fig. 
2-1),  each  with  its  distinct  characteristics. 

CHARACTERISTICS  OF  THE  ATMOSPHERE 

One  of  the  most  important  characteristics 
of  the  atmosphere  is  the  change  in  air  density 
with  a  change  in  altitude* 

With  increasing  altitudes  the  density  of  the 
air  decreases  significantly.  At  sea  level,  the 
density  of  air  is  about  .076  pound  per  cubic 
foot.  At  2O,0O€  feet,  air  density  is  only  about 
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33.21 


The  procedure  then  repeats  itself— that  is,  a 
second  temperature  minimum  m  reached,  and 
then,  after  s  short  constant* temperature  tone, 
it  starts  rising  again.  These  temperature  mini¬ 
mum  $  mark  the  boundaries  between  (he  three 
regions  of  th«-  atmosphere  the  troposphe  re ,  the 

stratosphere,  and  the  ionosphere,  shown  in 

figure  2-1 , 


LAVERS  07  THE  ATMOSPHERE 


T  re  posph e re 


The  troposphere  is  the  Lowest  layer  of  the 
atmosphere  and  extends  from  the  surface  of  the 

earth  to  a  height  of  10  miles.  It  is  made  up  of 
9  9*  n it rog o n  and  o xy % c rt  by  volu me,  a nd  account s 
for  three- fourths  o •:  the  weight  of  the  atrnos- 
pb  e  re  *  With  in  this  layer  t  pmn  e  rat  u  r  c  dec  reas  es 
with  altitude,  and  it  is  in  this  layer  that  clouds,, 
snow,  ram,  and  the  seasonal  changes  exist. 

Because  of  the  high  density  of  the  tropo¬ 
sphere,  at r  dynamic  surihCts  can  be  used  ef¬ 
ficiently  to  control  missiles  m  (his  region,  and 


propellers  arc  practical  fr>r  low 


plan's. 


this  high 


power 


causes  a 


,0405  pound  per  cubic  foot.  Because  of  the 

gradual  decrease  in  air  density  with 

a  miss  He  flying  .it  35,000  feet  encounters  1  ess 
air  real  stance— that  is,  has  less  DRAG— than 
does  a  missile  flying  close  to  sea  level. 

The  absolute  pressure  existing  at  any  point 
in  the  atmosphere  also  varies  with  altitude. 
The  pressure  acting  on  each  square  inch  of  the 


earth’s  surface  at  sea  level  is 


the 


weighs  of  a  column  of  air  one  inch  square,  ex¬ 
tending  from  5«-a  level  to  the  outer  limits  of  the 

atmosphere.  On  a  mountain  coj  ,  this  column  A 
air  would  be  shorter,  and  thus  the  weight  *  pres¬ 
sure  )  acting  on  each  square  inch  would  be  less. 
Therefore,  absolute  pressure  decreases  with 
increased  altitudes. 

Another  characteristic  of  the  atmosphere 
which  varies  with  altitude  is  temperature  {see 

figure  2-21  However,  unlike  density  and  pres¬ 
sure,  temperature  does  not  vary  directly  with 
altitude.  From  sea  level  to  about  10  miles,  the 
temperature  drops  steadily  at  a  rate  of  approxi¬ 
mately  3  1/2*  F  per  thousand  feet.  It  then,  re¬ 
mains  fairly  constant  at  -67"  F  up  to  about 
1 05. rQ CO  feet.  Then  it  inert  ases  at  a  steady  rate 
until  another  constant-temperature  rone  is 
reached.  This  zone  lasts  for  several  miles,  at 
which  point  the  temperature  starts  decreasing. 
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Figure  2- 2. -Temperature  vaH«&  Indirectly 
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large  amount  of  drag,  Th?  dense  lower  atmos¬ 
phere  slowed  down  the  German  V-2  from  33 CO 
to  1  fi  00  mph ,  At  o  Ht  r  e  n ■.  c  1  y  h  igh  sp  e  e  i  s  th  e  f r  i  e  - 
tian  mused  by  this  dense  air  produces  suchhigh 
skin  temperature  a  that  ordinary  metals  melt. 


Stratosphere 

The  stratosphere  is  the  layer  of  air  above 
the  troposphere.  Its  upper  limits  are  around 40 
to  50  miles  above  sea  level,  In  (Jits  r extern 
temperature  :to  longer  decreases  with  altitude 
but  stars  nearly  constant  and  actually  begins  to 
increase  in  the  upper  levels. 


tempera¬ 
tures  in  the  upper  levels  are  caused  by  ozone, 

which  is  heated  by  ultraviolet  radiation  from  the 
sun. 


Is  a  gas  which  is  produced  when 
electricity  is  discharged  through 'oxygen- )  The 
composition  of  the  stratosphere  ie  similar  to 
that  of  the  troposphere;  however,  there  isprac- 

motstbre  in  the  stratosphere. 


no 


tically 

Propeller-driven  vehicles  cannot  penetrate  this 
region  because  of  the  low-  air  density,  and 
aerodynamic  surfaces  have  greatly  reduced 
effect  in  controlling  missiles. 


information  about  them  is  conjecture.  The 
sphere  or  layer  immediately  above  the  ionos¬ 
phere  has  been  named  the  mosophere  and  is 
believed  to  contain  ninny  mesons  and  other 


cosmic  particles 


A  meson  is  an  unstable 


panicle,  between  electron  and  proton  in  mass, 


first  observed  in  cosmic  ray  a 


Two  types 


have  been  identified  as  mesons,  77  mesons  and  a 


mesons.  Some  are  positively 


and 


evidence  indicates  that  some  are  neutral.  An 
other  theory  is  that  mesons  are  the 
energy  between  protons  and  neutrons. 

Space  beyond  BOO  miles  is  called  the  exos¬ 
phere.  It  is  Approximately  I ,  f3  000  of  the  earth6  s 
atmosphere  in  terms  o£  mass,,  Air  particles 
are  few  and  far  apart  in  this  area. 

Much  information  about  the  upper  air 


been  transmitted  to  earth  from  orbiting  satel¬ 
lites,  which  carried  instruments  to  measure 
radiation,  temperature,  meteorites  and  micro- 
meteorites,  and  weather  information. 


PHYSICS  OF  FLIGHT 

FORCES  ACTING  ON  A  MISSILE 
IN  FLIGHT 


Above  the  stratosphere  and  ranging  up  to 
about  23  0  miles  above  sea  level  is  the  iono¬ 
sphere,  This  is  a  region  rich  in  osone  and 

consists  of  a  series  of  electrified  layers.  The 
Ionosphere  is  extremely  important  because  oi 
its  ability  to  re  fra  cl  [bend)  radio  waves.  This 
property  enables  a  radio  transmitter  to  send 
waves  to  the  opposite  side  of  the  world  by  a 
series  of  refractions  and  reflections  taking- 
place  in  the  ionosphere  and  at  the  surface  of 
the  earth. 

The  characteristics  of  the  ionosphere  vary 

with  daylight  and  darkness,,  and  also  with  the 
four  seasons*  Until  recent  years  we  have 
known  very  little  about  the  physical  character¬ 
istics  of  this  region.  During  Ihe  past  few  years 
many  Instrument-carrying  rockets  have  been 
sent  into  the  ionosphere  to  obtain  information 
about  the  temperature s,  the  pressures,  the 
composition  of  the  air,  and  the  electrical  char¬ 
acteristics  of  the  various  layers. 

The  lower  part  of  the  Ionosphere  (20  to  60 
miles  up)  is  sometimes  called  the  chemosphere. 


Higher  Atmospheres 

The  reaches  of  space  beyond  the  Ionosphere 
have  not  been  fully  explored  and  much  of  the 


The  flight  path  of  a 


13  determined 


by  the  £o rut-3  acting  upon  it.  Some  of  these 
forces  are  due  to  nature;  others  are  man 
made.  The  natural  forces  are  not  fully  con¬ 
trollable  but  their  action  on  the  missile  can.  be 
modified  by  causing  the  missile  to  fly  slower 
cr  faster,  higher  or  lower,  adding  (or  remov- 

control  surfaces  aurh  as  wings  and  fins, 
increasing  the  propelling  force,  and  similar 
control.  Although  natural  forces  are  not  fully 
controllable,  they  are  to  a  considerable  extent 
predictable.  Various  combi  nations  of  natural 

forces  and  manmade  forces  produce  different 
effects  on  the  missile  flight  path* 

Gravity,  friction,  air  resistance,  and  other 
factors  produce  forces  that  art  on  all  parts  of 
a  missile  moving  through  the  air.  One  such 
force  15  that  which  the  missile  exerts  on  the 
air  as  it  moves  through  it.  In  opposition  to 
this  is  the  force  that  the  air  delivers  to  the 

The  force  Of  gravity  constantly  at¬ 
tracts  the  missile  toward  the  earth,  and  the 
missile  must  exert  a  corresponding  upward 
force  to  remain  in  flight. 

2- 3 A  illustrates  the  forces  acting  on 
&  body  in  level  flight  through  the  air,  at  a 
uniform  speed,  Note  that  the  force  lending  to 
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figure  2-3.—  Forces  acting  on  a  body  moving  through  air:  A.  Equal  forces:  B.  Unequal  forces. 


produce  motion  (toward  the  left-  exactly  bal 


a  litres  that 


resisting  the  motion. 


T  he  fu  re  e  oi 


gravity  is  exactly  opposed  by  the  lifting  force. 

Tn  accordance  with  Newton's  first  law 


is- 


cussed  below),  a.  moving  body  on  which  all 


forces  are  balanced  will  continue  to  move  in 

the  same  direction  and  a:  the  same  speed. 

Figure  2-  3B  illustrates  the  effect  of  unbal¬ 
anced  forces  acting  oil  a  body.  The  length  of 
:he  arrows  is  proportional  to  the  respective 
magnitude  of  the  forces,  and  .he  arrowheads 
point  in  the  direction  in  which  these  forces 

are  applied.  The  illustration  shows  that  forces 


A  and  B  are  equal  and  ope u site,  and  that  C  and 
Dare  equal  and  opposite.  But  force  F  is  opposite 

to  smri  floater  than  force  E.  As  a  result,  the 
body  shown  will  accelerate  in  the  direction  of 
force  F.  This  figure  is  nr.  example  of  vector 
representation  of  the  forces  acting  bn  a  body. 
Any  number  of  forces  may  be  shown  by  vector 

representation.  They  can  be  re  solved,  or 

simplified,  into  resultant  force  that  is  the  net 
effect  of  all  the  forces  applied. 


Note  that  in  the  illustration,  forces  are  acting 

on  a  spherical  body.  By  changing  the  shape  of 
the  body  acted  Upon,  the  action  of  thy  forces  can 
be  modified.  These  effects  are  discussed  later 

in  the  chapter. 


RELATIVITY  Of  MOTION 


To  an  observer  standing  on  the  ground  and 
watching  the  flight  of  a  missile  through  the  air, 

it  appears  that  the  missile  is  moving  and  the 
air  standing  still.  It  would  seen:  that  the  oppos¬ 


ing  force  exerted  by  the  air  is  entirely  the¬ 
re  suit  of  the  missile  motion  through  It.  Bui  if 
it  were  possible  for  an  observer  to  ride  the 
missile  itself,  it  would  appear  that  the  missile 
is  .s Landing  still,  and  that  the  air  is  moving 
past  the  missile  at h igh  sp eed . 

This  illustrates  the  basic  concept  of  rela¬ 
tivity  of  motion.  The  forces  that  the  air  exerts 
bn  the  missile  are  the  same,  resardless  of 
which  is  considered  to  be  in  motion.  The  force 
exerted  by  the  air  bn  a:,  object  Joes  nut  tlepaid 
on  the  absolute  velocity  of  either  but  only  on 

:bo  relative  velocities  between  them.  This 

principle  can  be  put  to  good  use  in  the  study  of 
missile  aerodynamics,  and  in  the  design  of 
missile  airframes  and  control  surfaces.  In  a 
wind  tunnel,  the  missile  or  model  remains 
stationary,  while  air  moves  past  it  at  high 

speed.  The  measured  forces  are  the  same  as 

those  that  would  result  ii  the  missile,  or  model* 
were  moving  at  the  same  relative  speed  through 
a  stationary  mass  of  air* 

NEWTON'S  LAWS  OF  MOTION 


A! th u  ugh  Newton  1  tv ed  1  o  tig-  b  etu re  tit  e  m  l  sail  e 
and  space  age  {1642-1727),  the  laws  of  motion 
which  he  dtocovt  i-ccl  and  formulated  are  valid 


for  missiles  and  other  objects  passing  through 
the  atmosphere* 


Newton's  first  law  states:  f,A  bodv  in  a 

k- 

state  of  rest  remains  at  rest,  and  a  body  in 

in  uniform  motion,  unless 

acted  upon  by  some  outside  force.”  This  means 

: hat  if  an  object  is  in  motion,  it  will  continue 
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in  the  same  direction  and  at  the  same  speed 
until  .some  unbalanced  force  is  applied.  And, 
whenever  Lise  re  arc  unbalanced  forces  acting 
on  an  object,  than  object  must  change  its  state 
of  motion.  For  example,  if  you  were  to  push 

a  book  lying  or  a  tabic,  you  would  have 


Force  =  Mass  times  Acceleration, 


or 


F  _  ma 


supply  sufficient  force  to  overcome  friction  Thus  any  ftjject  in  motion  is  capable  of  exert 


in  Order  to  Set  the 


in  motion*  If  you  tug  a  force*  Whenever  ;i  force  is  applied  through 


m 

i 


would  eliminate  all  of  the  restraining  forces  a  distance,  it  does  work.  We  can  express  thl* 
acting  on  the  book  once  it  is  in  motion,  it  would 
continue  to  move  uniformly  until  acted  upon  by 

some  outside  force-  It  is  these  restraining 

forces  with  which  we  are  mainly  concerned  In 
the  study  Of  aerodynamics,  or 


Work  -  t  "jrce  times  Distance 


Newton's  second  jaw  stales:  " The  rate  of 

change  in  momentum  of  an  object  ts  propor¬ 
tional  to  the  force  acting  on  the  ibject,  mid  In 

the  direction  of  the  force.”  The-  momentum  of 


W  =  Fd 


Any  mass  that  is  hi  motion  is  capable  ot 


ying  a  force  over  a 


i 


and  there¬ 


in  object  may  he  defined  as  the  force  that  fore  of  doing  work.  Whenever  the  motion  of  a 


ec*  would  exert  to  resist  any  change  of  its  mags  is  changed,  there 


mot  i  On  * 


Newton1 6  second  law,  a 


in  accordance  with 

in  momentum, 


Newton's  third  law  states:  "To  every  action 
there  1$  an  equal  and  opposite  reaction,*'  This 
law  means  chat  when  a  force  is  applied  to  any 
object,  there  must  be  a  reaction  opposite  to 
and  equal  to  the  applied  Free.  If  an  object  is 
in  motion*  and  we  try  to  change  either  the 
direction  or  rate  of  that  motion,  the  object 
will  exert  an  equal  and  opposite  force.  That 
force  la  directly  proportional  to  the  mass  of 
the  object,  and  ta  the  change  in  its  velocity. 
This  can  be  stated  as: 


LIFT  AND  DRAG 


Figure  2-4  represents  a  flat  surface  slav¬ 
ing  through  an  air  stream.  In  accordance  wilh 
the  principle  of  relativity,  the  forces  acting  on 
the  surface  are  the  same,  regardless  of  whether 
we  think  of  the  surface  as  movtugtothe  left,  or  of 
the  airsi ream  as  moving  to  the  right.  One  Of 
th?  forces  acting  on  the  surface  is  that  produced 


b’ 


r 


with  tln>  air 


This  force  acts  in  a 


direction  parallel  to  thr  surface  ,  as  indicated  \y- 


f<s  pcc.  fl-f  1r*rfion 
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Figure  2-4-—  Forces  acting  on  a  flat  surface  in  an  airstream. 


Chapter  2-* FACTORS  AFFECTING  MISSILE  FLIGHT 


the  small  white  arirow  at  the  lower  right*  As  the  th?  top  than  on  the  bottom  of  the  wing.  Tbit 
air  strikes  the  surface,  the  air  will  be  deflected  pressure  differential  tends  to  force  the  wing 
downward.  Because  the  air  has  mass,  this  change  upward,  and  gives  it  lift, 

tn  its  motion  will  result  in  a  force  applied  to  the  Figure  2-5  represents  the  general  shape 

surface.  This  force  acts  at  a  right  angle  to  the  o;  a  section  of  the  wing  of  a  conventional  air- 
surlace,  as  indicated  hy  the  long  black  arrow  in  craft*  fn  such  an  aircraft,,  the  major  part  of 
future  2-4*  The  resultant  oi  the  frictional  ind  the  necessary  lift  is  provided  by  the  Bernoulli 
deflection  forces,  indicating  the  net  effect  of  the  effect.  As  we  will  explain  later’  j  wing  of  this 
two,  i$  represented  by  the  long  white  arrow  *  The  shape  is  not  suitable  for  use  on  missiles  flying 
horizontal  component  of  this  force  operating  In  at  Qr  above  the  speed  of  sound.  None  of  the 
a  di  rection  opposite  to  the  motion  of  the  surface,  Navy  missiles  listed  in  chapter  1  depends  on 

is  drag*  The  vertical  force,  operating  upward,  a  wing  of  this  shape  for  UR*  All  of  them  get 

is  lift.  The  angle  that  the  moving  surface  makes  the  necessary  lift  entirely  from  the  angle  of 
with  ibe  airstream  is  the  angle  of  attack.  This  attack,  as  illustrated  in  figure  2-4. 

affects  both  the  frictions,:  or*d  the  deflection  Air  tends  to  cling  to  the  surface  of  the  plant, 
force,  and  therefore  affects  both  lift  and  drag.  This  thin  region  of  nearly  static  air  is  called  a 
Another  scientist,  Daniel  Bernoulli  flTCO"  boundary  layer.  Within  the  boundary  layer  the 
l/JSSj,  discovered  that  the  total  energy  in,  any  fluid  velocity  ranges  from  aero  at  body  surface 
system  remains  constant*  That  is,  if  one  eie-  to  free- stream  velocity  a  short  rfistanci1-  away* 

riLfi-c  In  any  energy  sy  s  tfttn  is  deer  eased,  another  Sudden  changes  In  velocity,  density,  and  pres- 

men  ases  to  counterbalance  it.  sure  cause  disturbance  waves  in  the  flow  in  the 

This  is  called  Bernoulli's  theorem.  Air  boundary  layer.  If  the  flow  is  smooth,  it  is  said 
flowing  past  the  fuselage  or  over  the  wing  of  a  to  be  "laminar;"  If  it  is  disturbed  it  is  called 
folded  missile  forms  a  system  to  which  this  “turbulent/  and  Skin  friction  is  greater  than  In 
theorem  can  be  applied,  1  he  energy  in  a  given  laminar  flow,  If  the  surface  la  rough,  the  turbu- 
nir  mass  is  the  product  of  its  pressure  and  its  lent  layer  is  increased  and  skin  friction  if 

velocity.  If  the  energy  is  to  remain  constant,  greater.  Even  a  comparatively  insignificant 
it  follows  that  a  decrea so  In  velocity  will  produce  proturbance  on  the  surface,  such  as  rivet  heads 
an  increase  In  pressure,  and  that  an  increase  in  can  produce  turbulent  flow.  The  term  stream- 
velocity  will  produce  a  decrease  in  pressure,  lining  has  come  to  describe  the  technique  of 
Figure  2-5  represents  the  flow  of  air  over  designing  shapes  to  give  low  resistance  or  drag 

a  wing  section.  Note  that  the  air  that  passes  and  prevent  or  delay  boundary- layer  turbulence, 

over  winR  must  travel  a  greater  distance  in  supersonic  conditions  the  formation  of  shock 
tluui  air  pan  sine;  under  it.  Since  fin  two  parts  waves  causes  the  boundary  lavsr  to  thicken  at 
of  the  airstream  reach  the  trailing  edge  of  the  the  point  of  contact  with  the  shock  wave  and 
whin  at  the  same  time,  the  air  that  flows  over  aerodynamic  pressure  car.  be  transmitted  tor- 

ihe  wing  must  move  taster  than  the  air  that  ward  through  the  boundary  layer.  Boundary  layer 

Hows  under.  In  accordance  with  Bernoulli* s 

theorem,  this  results  in  a  lower  pressure  on 
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Figure  2-  5*— Air  flow1  over  a  wing  section.  Figure  2-6,— Forces  acting  on:;  moving  missile. 
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NUCLEAR  WEAPONS 


PRINCIPLES  OF  GUIDED  MISSILES 


effects  and  shock  waves  are  present  side bv  side 
in  supersonic  flow  and  their  effects  contribute 
to  each  other.  A  very  3 mall  shock  wave  is 
sufficient  to  disturb  the  flow  over  an  entire  win? 

surface  behind  it.  Since  lift  depends  on  the  flow 
of  air  past  the  surface,  reduction  inflow  produc¬ 
es  a  reduction  in  lift.  The  boundary  layer  effect 
has  been  reduced  by  using  highly  polished  sur¬ 
faces,  as  free  as  possible  from  any  irregularities, 
A  complete  and  precise  theoretical  explanation 
of  the  processes  which  cause  a  laminar  y  boundary 
to  become  turbulent  has  no:  been  formulated. 


ATTITUDE,  This  term  refers  to  the  Or  ten 
tation  of  a  missile  with  respect  to  a  selects 
reference. 


AERODYNAMIC  FORCES 

All  present  day  guided  missiles  have  at 

least  part  of  their  flight  paths  within  the  earth’ s 

atmosphere;  therefore  it  Is  important  that  you 

understand  the  principles  of  aerodynamics. 

The  principal  forces  acting  on  a.  missile  in 

level  flight  are  THRUST,  DRAG,  WEIGHT,  and 
LIFT*  Like  any  force,  each  of  these  is  a  vector 
quantity  which  has  magnitude  (length)  and  dir  ec¬ 
tion*  These  forces  are  illustrated  in  figure  2-6. 
When  the  missile  is  not  flying  in  a  straight 

line,  an  inertial  force,  termed  centrifugal  force, 

acts  on,  the  missile.  In  a  turn  maneuver,  this 
causes  an  acceleration  greater  than  gravity,  and 
the  missil  e  weight  and  centrifugal  force  combine 
to  form  the  resultant  force. 


TERMINOLOGY 

A  discussion  of  the  problems  of  aerody¬ 
namic  forces  involves  the  use  of  several  flight 
terms  that  require  explanation.  The  following 
definitions  are  Intended  to  be  as  simple  and 
basic  as  possible.  They  are  not  necessarily 
the  definitions  an  aeronautical  engineer  would 

use. 

AIRFOIL,  Ail  airfoil  is  any  structure  around 
which  air  flows  in  a  manner  that  is  useful  in 
controlling  flight.  The  airfoils  of  a  guided 
missile  are  its  wines  or  fins,  its  tail  surfaces, 
and  its  fuselage. 

DRAG  ia  the  resistance  of  an  object  to  the 

flow7  of  air  around  it.  It  is  due  in  part  to  the 
boundary  layer,  and  in  part  to  the  piling  up  of 

air  m  front  of  the  object.  One  of  the  problems 
of  missile  design  is  to  reduce  drag  while 
maintaining  the  required  lift  and  stability. 

STREAMLINES  are  lines  representing  the 
path  of  air  particles  ia  they  flow  past  an  object, 
as  shown  in  figure  2-5, 
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FACTORS  AFFECTING  MISSILE  FLIGHT 


less  than  the  pressure  on  the  underside,  The 
amount  of  lifting  force  provided  is  dependent  to 
a  large  extent  on  the  shape  of  the  wing.  Addi¬ 
tional  factors  which  determine  the  amount  of  lift 

are  the  wing  area,  the  angle  at  which  the  wing 
surface  is  inclined  to  the  airstream,  and  the 
density  and  speed  uf  the  atr  passing  around  it* 
The  airfoil  that  gives  the  greatest  lift  with  the 
least  drag  in  subsonic  flight  has  a  shape  similar 
to  the  One  illustrated  in  figure  3-8. 

Some  of  the  standard  terms  applied  to  air¬ 
foils  are  included  in  the?  sketch.  The  foremost 
edge  of  the  wing  is  called  the  leading  edge,  and 
that  at  the  rear  the  trailing  edge  Tig.  2-RA).  A 

straight  line  between  the  leading  and  the  trailing 
edges  is  called  the  chord.  The  distance  from 
one  wingtip  to  the  other  (not  shown)  is  known  as 
the  SPAN.  The  ratio  of  the  span  to  the  average 
chord  is  the  ASPECT  RATIO,  The  angle  of 
incidence  (fig.  2-8B)  is  the  angle  between  the 
wing  chord  and  the  longitudinal  ait  is  of  the  fuse¬ 
lage.  in  figure  2-flC,  the  large  arrow  indicates 
the  relative  wind,  the  direction  of  the  airflow 
with  reference  to  the  moving  airfoil.  The  angle 
of  attack  is  the  angle  between  the  chord  and  the 
direction  of  the  relative  wind. 


represented  in  ngurc  6-  t  as  pi  ten,  yaw,  and 
roil,  Tho  missile  ROLLS ,  or  twists,  about  the 
longitudinal  axis,  the  reference  line  running 
through  the  nose  and  tail.  It  YAWS,  or  turns  to 
right  of  left,  about  the  vertical  axis,  PITCH,  or 
turning  up  or  down,  is  a  rotation  about  the  lateral 

axis,  the  reference  line  in  the  horizontal  plane 
running  perpendicular  to  the  line  of  flight. 
Rotary  motions  about  any  of  these  three  axes  are 
governed  by  the  steering  devices  ol  the  missile, 

such  as  the  aerodynamic  control  surfaces.  A 
fourth  motion  is  necessary  for  control  as  well  as 
for  flight.  This  is  the  motion  of  translation,  the 

forward  movement  resulting  from  the  thrust 
provided  by  the  propulsion  system, 

AXES,  A  missile  in  normal  level  flight  can 
be  considered  to  move  about  three  axes,  as 
shown  in  figure  2-7,  Whenever  there  is  a  dis¬ 
placement  of  a  missile  about  any  of  these  three- 

axes,  the  missile  may  do  any  one  of  the  follow¬ 
ing  r 

1,  It  may  a  sc  ill  it  e  about  the  axis  (oscilla¬ 
tion). 

3.  It  may  increase  its  displacement  and  get 
out  of  control. 

3+  It  may  return  to  its  original  position 
readily,  without  oscillation  (damping)* 

The  hist  possibility,  which  indicates  :i  stable 

missile,  is  the  Ons  desired.  We  will  show  later 

Eiow  this  problem  of  stability  is  met  in  missile 


The  relative  wind  strikes  the  tilted  surface, 
and  as  the  air  Clows  around  the  win?,  different 
amounts  of  lifting  force  are  exerted  on  various 

points  of  the  airfoil.  The  sum  (resultant)  of  all 
these  forces  is  equivalent  to  a  single  force 


T-WULiHS  edge 


EFFECTS  OF  AERODYNAMIC  FORCES 


The  aerodynamic  forces— lift,  drag,  weight, 

and  thrust— muat  all  be  considered  in  missile 
design  in  order  to  take  advantage  of  the  forces 
and  make  the  missile  fly  as  intended. 
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Lift  is  produced  by  means  of  pressure  dif¬ 
ferences,  There  are  dynamic  pressures,  or  the 
pressure  of  air  in  motion,  and  differences  in 
the  static  pressure  of  the  atmosphere,  which  ts 

exerted  by  the  weight  or  die  column  of  air  above 

the  missile.  Dynamic  pressure  is  the  primary 
factor  contributing  to  lift.  The  air  pressure  on 

the  upper  surface  of  an  nirfoi]  (wing)  must  he 
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P  RI NC  IPt  ES  OF  G  UI D  E  D  *  Hi  SI  I  ES  A  ND  X  UC  LEAR  WE  A  PONS 


acting  at  a  single  point  and  in  a 


direction 

pressure 


This  point  is  called  the  renter  of 
From  it,  lift  can  be  considered  to 


be  directed  perpendicular  to  the  direction  of 
the  relative  wind. 

The  dynamic  or  impact  force  of  the  wind 
against  the  lower  surface  of  the  airfoil  also 
contributes  to  lift,  but  no  more  than  one -third 
of  the  total  lift  effect  is  provided  by  this  impact 

force* 

As  we  have  shown,  the  resultant  force  on  a 
wing  can  be  resolved  into  forces  perpendicular 
and  parallel  to  the  relative  wind;  these  com¬ 
ponents  are  lift  and  drag.  If  a  missile  is  to 
continue  in  level  flight,  its  total  lift  must  equal 

As  the  angle  of  attack  increases*  the 
lift  Increases  until  ft  reaches  a  maxi  mum  value. 
At  the  an^le  Of  maximum  lift,  the  air  no  longer 
flows  evenly  over  the  wing,  hut  tends  to  break 
away  from  it.  This  breaking  away  (the  burble 
point)  occurs  at  the  st&llmg  angle.  If  the 
angle  of  attack  is  increased  further,  both  lifting 
force  and  airspeed  decrease  rapidly* 
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Figure  2-9 .—Effect  of  angle  of  attack  on  center 

of  pressure  and  air  flow. 


In  actual  flight,  a  change  m  the  angle  of 

attack  will  charge  the  airspeed.  But  if  for 
test  purposes  we  maintain  a  constant  velocity 
of  the  air  stream  while  changing  the  angle  of 
attack*  the  results  on  a  non  symmetrical  wing 
will  be  as  shown  in  figure  2-9,  The  sketches 
show  a  wing  section  at  various  angles  of 
attack,  and  the  effect  of  these  different  angled 
on  the  resultant  force  and  the  position  of  the 
center  of  pressure* 

The  burble  point  referred  to  in  the  lower 
sketch  is  the  point  at  which  airflow  over  the 
upper  surface  becomes  rough,  causing  an 
uneven  distribution  of  pressure*  The  burble 
point  U  generally  reached  when  the  angle  of 
attack  is  increased  to  about  IS5  or  20s.  At  this 
angle  of  attack  the  reparation  point  is  placed  to 
near  the  leading  edge  that  the  upper  airflow  is 
disrupted  and  the  wing  is  in  a  stall  (fig.  2-9D), 
At  moderately  high  angles  of  attack,  the  flowing 
air  can  follow  the  initial  turn  of  the  leading  edge 

but  it  cannot  follow  the  wing  contour  completely; 

then  the  stream  sepa  rates  from  the  surface  near 
the  trailing  edge  (fig.  2-9C ).  At  smalt  angles  of 
attack,  the  resultant  is  comparatively  small*  Its 
direction  is  upward  and  back  from  the  vertical, 
and  its  center  of  pressure  is  well  back  from  the 
leading  edge*  Note  that  the  center  Of  pressure 
changes  with  the  angle  of  attack ,  and  the  resultant 


has  an  upward  and  backward  direction  (fig. 
2-9}).  At  a  positive  angle  of  attack  of  about  T 
or  4*',  the  resultant  has  its  most  nearly  vertical 
direction  (fig.  2-9A}*  Either  increasing  or  de¬ 
creasing  the  angle  causes  the  direction  of  the 

resultant  to  move  farther  from  the  vertical. 
Drag 


Drag  is  the  resistance  of  air  to  mot  I  oil  through 
it.  The  drag  component  of  the  resultant  force  on 
a  winy  is  the  component  parallel  to  the  direction 
of  motion .  This  for  c  e  re  9 1  st  s  the  for  ward  mot  i  on 


of  the  missile*  Jfth<  missih  istn  fly,  drag  must 
be  overcome  by  thrust— the  force  tending  to  push 

the  missile  forward*  Drag  depends  on  the  missile 
area,  the  air  density,  and  the  square  of  the 
velocity,  Air  resists  the  motion  of  all  part, a  of 
the  missile,  including  the  wings,  fuselage,  tail 


,  arid  other  surfaces,  The  resistance  to 
those  parts  that  contribute  lilt  to  the  missile  is 


called  induced  drag*  The  resistance  toall  parts 
that  do  not  contribute  lift  is  parasitic  drag. 

From  Newton's  laws,  we  know  two  things: 
First,  If  all  the  forces  applied  to  a  missile  are 
in  balance,  then  if  the  missile  is  stationary 
it  will  remain  so;  if  it  is  moving,  it  will  con¬ 
tinue  to  move  in  the  same  direction  at 


32 


Chapter  2— FACTORS  j 


MISSILE  FLIGHT 


same  speed  until  an  outside  force  is  applied  second.  The  horsepower  expended  by  a  missile 
to  it*  Second,  if  an  unbalanced  force— >  one  not  in  uniform  lor  ward  motion  is  then 


counteracted  by  an  equal  and  opposite  lores 


is  applied  to  the  missile.,  it 


accelerate 


in  the  direction  of  the  unbalanced  force, 


hp 


DV 

550 


Thrust 


where  D  is  the  drag  m  pounds,  and  V  the  speed 
in  feet  per  second* 


At  the  instant  of  launching, 


sp  eed 


Accelera'  ion 


is  zero,  and  there  is  no  drag.  (We  will,  for 
the  moment t  disregard  air-launched  missiles.) 

The  force  ol  thrust  developed  by  Ihe  propulsion 


This  term  haw  been  freely  used  In  the  chapter 


posit  i  v  e 


Accel  era  tion  i  s 


system  will  be  unbalanced,  and  as  a  result  the  change  either  in  speed  or  in  direction  of  motion 


missile  will  accelerate  in  the  direction  of 


A  missile  accelerates  in  a  positive  or  negative 


thrust.  (A  solid-fuel  rocket  develops  lull  sense  as  it  increases  dr  decreases  speed  along 
thrust  almost  Instantly,  When  a  long-range  the  line  of  flight*  A  missile  also  accelerates 
liquid- fuel 


Is  launched,  it  may  be  in  a  positive  or  negative  sense  if  it  changes 
physically  held  down  until  U-;  engines  have  direction  in  turn#,  dives,  pullouts,  or  as  a  result 

developed  sufficient  thrust,)  When  rh  rust- weight  of  gusts  of  wind*  During  accelerations  a  missile 
ratio  reaches  its  maximum  value,  acceleration  is  subjected  to  large  forces  which  tend  to  keep 
of  the  missile  is  at  a  maximum.  But,  during  the  it  flying  along  its  original  line  of  flight*  This  is 
launching  phase*  missile  speed 


in- 


in  accordance  with  Newton's  first  law- of  motion: 


creases-  Because  drag  is  proportional  to  the  A  particle  remains  at  rest  or  in  a  state  of 

square  of  the  speed,  drag  Increases  very  rapidly,  uniform  motion  in  a  straight  line  unless  acted 

Theforceof  thrust  is  thu s  opposed  by  a  progres-  upon  by  an  external  force. 

sively  increasing  force  of  drag.  The  missile  wm  Acceleration  is  measured  in  terms  of  the 


continue  to  increase  in  speed,  but  its  acceleration  standard  unit  of  gravity,  abbreviated  by  the 


of  increase  of  speed)  will  steadily  decline,  letter  rig 


A 


falling  body  is  attracted 


This  decline  will  continue  until  thrust  and  drag  to  the  earth  by  a  force  equal  to  its  weight,  with 

are  exactly  In  balance;  the  missile  will  then  fly  the  result  that  it  accelerates  at  a  constant  rate 

at  a  uniform  sp&ed  as  long  as  its  thrust  remains  of  approximately  52  feet  per  second  per  second. 


constant. 


Its  acceleration  while  in  free  fall  said  to  be 


» 


If  the  propulsive  thrust  is  decreased  for  any 


one  -g 


Missiles  making  ra 


turns  or  re 


spending  to  large  changes  in  thrust  will  expert- 


reason  (such  as  a  command  from  the  guidance  ence  accelerations  many  times  that  of  gravity, 

system,  or  incipient  fuel  exhaustion)  the  force  the  ratio  being  expressed  as  a  number  of  J£gfs,’ 

of  drag  will  exceed  the  thrust,  The  missile  The  number  of  j£gTs"  which  a  missile  can  with- 

will  slow  down  until  the  two  a  re  again  in  balance,  stand  is  one  of  the-  factors  which  determines  its 

When  the  nusslle  fuel  Is  exhausted,  or  the  maximum  turning  rate  and  the  type  of  launcher 

propulsion  system  is  shut  down  by  the  guidance  suitable  for  the  weapon,  The  delicate  instru- 


systeirt,  there  is  no  more  thrust,  The  force  of 


merits  contained  in  a  missile  may  be  damaged 


dng  will  then  be  unbalanced,  anil  will  cause  a  if  subjected  t->  accelerations  in  excess  of  design 
negative  acceleration,  resulting  in  a  decrease  values, 
in  speed*  But,  as  the  speed  decreases,  drag  will 
also  decrease.  Thus  the  rate  of  decrease  in 
speed  also  decreases.  A  missile  will  maintain 
a  uniform  forward  motion  when  thrust  and  drag 
are  equal.  The  power  required  to  maintain 
uniform  forward  motion  is  equal  to  the  product 


PROBLEMS  OF  MISSILE  CONTROl 


A  missile  must  be  so  designed  and  con strue - 

it  will  fly  a  specified  course  without 


of  the  drag  and  the  speed,  tf  drag  is  expressed  continual  changes  in  direction.  The  degree  of 

in  pounds,  and  speed  in  feet  per  second,  the  stability  of  a  missile  has  a  direct  effect  on  the 

product  is  power  in  foot-pounds  per  second*  behavior  of  its  compels,  and  for  this  reason  a 

By  definition,  one  horsepower  is  5S0  ft-lb  per  high  degree  of  stability  must  be  maintained* 


PRINCIPLES  OF  GUIDED  MISSILES  A N"D  NUCLEAR  WEAPONS 


As  the  speed  of  a  missile  increases*  its  sta¬ 
bility  is  c  handed  by  shifts  in  the  center  of  pres¬ 
sure.  A  pressure  shtft  causes  changes  in  the 
airflow  acting  on  the  missile  surfaces*  Even 

in  pure  supersonic  flow,  variations  in  speed 
will  cause  shifts  in  center  of  pressure* 

The  use  of  fixed  fins,  and  spinning  of  the 
missile,  are  the  simplest  means  of  stabilizing 
a  missile  in  flight.  Movable  control  surfaces 
react  with  air  according  to  the  laws  of  aero¬ 
dynamics  to  control  the  missile  in  flight.  Figur  e 
2-10  shows  examples  of  control  surface  designs 
and  locations.  Fins  may  be  used  to  stabilize  a 
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missile  in  flight  by  reacting  against  the  medium 
through  which  the  missile  is  passing.  They  are 
obviously  not  useful  for  missiles  that  t  ravelin  a 
vacuum  (or  in  high  altitudes  wh  ere  the  a  iris  very 


rarefied)-  In  high-speed  missiles,  the  control 
surfaces  can  be  made  smaller;  under  certain 
conditions  they  can  be  eliminated  altogether. 


Stability  in  Subsonic  Flight 


Figure  2-11  represents  a  missile  in  flight: 
it  is  longitudinally  stable  about  its  lateral  axis 
through  the  center  of  gravity.  Airflow  over  the 
wing  is  deflected  downward.  This  angle  of  deflec¬ 
tion  Is  called  the  down  wash  angle.  When  lift  de¬ 
creases  as  a  result  or  reduced  speed*  this 
down  wash  angle  decreases,  and  produces  pres¬ 
sure  changes*  At  certain  speeds,  unstable  con¬ 
ditions  are  set  up  as  a  result  of  such  pressure 

shifts.  When  an  unstable  condition  occurs,  the 

control  system  must  quickly  compensate  by 
moving  the  control  surfaces  or  changing  the 

missile  speed;  otherwise  the  missile  may  get  out 
of  cont  roi .  U  n  stab ie  c  ond  it  ions  a  re  most  se  riou  s 
at  transonic  speeds.  Most  missiles  have  dive 
control  anc  roll  recovery  devices  to  overcome 
unstable  conditions*  For  example,  the  hori¬ 
zontal  tail  surfaces  may  be  placed  high  on  the 
fin  to  minimize  the  effects  of  downwash,  (At 
supersonic  speeds,  the  down wash  problem  dis¬ 
appears,) 

Unstable  airflow’  over  the  wings  of  a  mis¬ 
sile  may  cause  the  ailerons  to  oscillate,  c  reating 
a  condition  known  as ‘'buzz*'1  A  similar  condition 
called  “snaking"  may  exist  about  the  yaw  axis 
as  a  result  of  rudder  oscillation.  The  troubles 


e 

144.5 

Figure  2-10,— Control  surfaces:  A.  Fixed  and 
movable  surfaces;  Bh  Control  surface  designs 
and  locations. 


DIRECT  ION  OF  MOTION 


WINS  SEC  LON 


DOWN  WASH 


144.6 

F igu re  2 -  3 1 .  —  Do wn wa sh  ( Indl cat ing  the  clos i ng 
of  the  streamlines  under  the  wing  and  the 
subsequent  down  wash). 
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when  the  missile  changes  its  an=ile  of  attack 


may  be  partially  compensated  for  by  non  revers¬ 
ible  control  systems,  or  by  variable -incidence  For  example,  if  the  missile  nose 


to 


control  surfaces. 


pitch 


the  force  :>i  the  air  stream 


In  a  stable  aerodynamic  b ody,  an  oscillation  against  the  upper  surface  of  the  stabilizer  will 
caused  by  an  outside  disturbing  force  tends  to  increase.  This  will  tend  to  push  the  tail  dawn- 
tie  damped  and  to  disappear  instead  of  becoming  ward,  and  thus  return  the  missile  to  its  original 
greater.  The  missile  must  be  stabilised  about  attitude* 


three  axes  of  flight  U.  maintain  a  steady  flight 


.Since  most  modern  missiles  are  supersonic, 


condition,  so  the  missile  neither  increases  nor  with  only  a  few  seconds  of  flight  at  subsonic 


decreases  its  angle  of  attack 


1 


speeds,  The  forces  that  affect  missile  flight  at 


Stability  about  the  vertical  axis  is  usually  supersonic  speeds  art  of  more  importance  to 

provided  for  by  vertical  fins.  If  a  missile  begins  you.  They  are  discussed  in  the  next  section* 


to  yaw  to  the  right,  air  pressure  on  the  left  side 
of  the  vertical  fins  ss  increased.  This  increased 
pressure  resists  the  yaw,  and  tends  to  force  the 
tail  in  the  opposite  direction,  In  some  missiles 
the  vertical  fin  may  be  divided  and  have  a 
movable  part,  called  the  rudder,  that  is  used  for 


AERODYNAMICS  OF  SUPERSONIC 

MISSILE  FLIGHT 


So  far  ve  have  discussed  the  principles  of 


directional  control.  In  addition  to  the  rudder,  producing  lift  by  using  cambered  (curved)  wings, 
there  may  be  trim  tabs  that  cart  be  set  for  a  Cambered  wings  are  still  used  on  conventional 

particular  direction  of  flight  relative  to  the  aircraft  but  are  not  used  On  most,  present  day 

prevailing  wind.  The  vertical  sides  of  the  guided  missiles.  Most  operational  missiles  use 

fuselage  also  act  as  stabilising  surfaces.  The  streamlined  fins  to  provide  stability  and  some 


same  action  takes  place  here  as  on  the  fin,  but  lift, 
with  a  lesser  correcting  force. 

Another  means  for  obtaining  yaw  stability  sonic  mi 
is  by  sweepb&ck  of  wings.  Sweepback  is  the  terms  used, 
angle  between  the  leading  edge  of  a  wing  and  a 

line  at  right  angle#  to  the  longitudinal  axis  of  REYNOLDS  NUMBER 
the  missile.  If  a  missile  yaws  to  the  right,  the 


eforc  discussing  aerodynamics  of  super- 

let  us  define  some  of  the 


1  eading  ed ge  of  the  1  ?  ft  3  we  p  tb  a  e  k  win  g  be  e  s  m  e  s 


During  the- 


of  a.  new  missile 


more  perpendicular  to  the  r 


wh  il  e 


scale  models  of  flu  proposed 


the  right  wing 


lcs>--  so-  This  puts  are  tested  in  wind  tunnels.  But  the  performance 


more  drag  on  the  left  wing,  and  less  on  the  of  the  model  does  not  necessarily  indicate  the 


right 


The  unbalanced  drag  it  The  two  sides  performance  of  the  actual  missile,  even  when  all 


of  the  missile  tends  to  farce  it  back  to  its  urifr-  known  variables  are  scaled  down.  In  soibecases 


Inal  attitude 


the  effect  of  a  given  variable  on  the  model  may 


STABILITY  ABOUT  THE  LONGITUDINAL  be  opposite  to  its  effect  on  Che  full-size  missile. 
AXIS  may  be  provided  by  dihedral -an  upward  Reynolds  lumber  is  a  mathematical  rat  to  involv- 
angle  of  the  wings.  As  the  missile  starts  to  ing  relative  wind  speeds,  atr 
roll,  the  lift  force  is  no  Longer  vertical,  but  density,  relative  sizes  of  the  model  and  missile, 
moves  toward  the  side  to  which  the  missile  and  other  factors*  The  use  of  this 


makes 


Ls  rolling*  As  a  result,  the  missile  begins  to  it  possible  to  predict  missile  behavior  under 


sideslip. 


Increases  the  angle  of  attack  actual 


conditions  from  the  behavior  of 


of  the  lower  wing,  and  decreases  that  of  (he 


the  model  in  the  wind 


The  Reynolds 


upper 


Lilt  on  the  lower  wing  wdll  therefore  number  is  also  applicable  tn  hydrodynamic 


Increase,  while  Uft  on  the  upper  wing  decreases,  testing 


This  unbalanced  lift  tends  to  roll  the  m;ssile 
back  to  its  Original  attitude, 

STABILITY  ABOUT  THE  LATERAL  AXIS 
is  accomplished  bv  horizontal  surfaces  at  the 

tall  of  the 


MACH  NUMBERS  AND  SPEED  REGIONS 


Missile  speeds  are  expressed  in  terms  of 
The  stationary  part  of  MACH  NUMBERS  rather  than  in  miles  per  hour 
these  surfaces  is  the  stabiliser;  the  movable  or  knots*  The  Mach  number  is  the  ratio  of 


part  is  the  elevator. 


stability  results  missile  speed  to  the  local  speed  of  sound.  For 


from  the  change  in  forces  cm  the  stabilizer  example,  if  a  missile  is  flying  at  a  speed  equal 
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to  one-half  the  local  speed  of  sounds  it  is  said 
to  be  flying  at  Mach  0,5.  If  it  moves  at  twice 
the  local  speed  of  sound,  its  speed  is  then 
Mach  2.  (The  term  "Mach  number*  is  derived 
from  the  name  of  ar,  Austrian  physicist,  Ernst 
Mach,  who  was  a  pioneer  in  the  field  of  aero¬ 
dynamics.  It  is  pronounced  'mock/ ) 

Local  Speed  of  Sound 


The  speed  expressed  by  the  Mach  number  is 
not  a  fixed  quantity  because  the  speed  of  sound 
in  air  varies  directly  with  the  square  root  of  air 
temperature.  For  example,  U  decreases  from 
760  miles  per  hour  ( tnph )  at  sea  level  (for  an 
average  day  when  the  air  is  5flT)  to  661  mph  at 
the  top  of  the  troposphere.  The  speed  of  sound 
remains  constant  between  55,000 feet  and  105,000 
feet,  then  rises  to  836  mph,  reverses,  and  falls 
to  693  mph  at  thr  top  of  the  strat  sphere*  Thus 
you  can  see  that  the  speed  of  sound  will  vary 
with  locality. 

The  range  of  aircraft  and  missile  spt^-d  is 
divided  into  four  regions  which  arc  defined  with 


respect  to  the  local  speed  of  sound.  These 
regions  are  as  follows. 

SUBSONIC  FLIGHT,  in  which  the  airflow  over 
all  missile  surfaces  is  less  than  the  speed  of 
sound.  The  subsonic  division  starts  at  Mach  0 
and  extends  to  about  Mach  0.75.  (The  upper 
limit  varies  with  different  aircraft,  depending  on 
the  design  of  the  airfoils.) 

At  subsen ie  speeds,  sustained  flight  is  de¬ 
pendent  on  forces  produced  by  the  motion  of  the 
aerodynamic  surfaces  through  the  air.  When  the 
surfaces  of  airfoils  a  re  well  designed,  the  stream 
of  air  flows  smoothly  over,  under,  and  around 
them,  and  the  air  stream  conforms  fo  the  shape 
of  the  airfoil.  In  addition,  when  the  airfoils  are 
set  to  the  proper  angle,  and  motion  Is  fa st  enough, 
the  airflow  will  support  the  weight  of  the  alr- 

craft  or  missile. 


TRANSONIC  FLIGHT,  in  which  the  airflow 
over  the  surfaces  is  mixed,  being  less  than 

sonic  speed  in  some  areas  and  greater  than 
sonic  speed  in  others.  The  limits  of  this  region 
are  not  sharply  defined,  but  are  approximately 
Mach  0.75  to  Mach  1.2*  Under  these  conditions, 
shock  waves  a  re  present;  the  airflow  is  turbulent, 
and  the  missile  may  be  severely  buffeted.  A 
high-speed  missile  should  be  made  to  accelerate 
through  the  transonic  zone  in  the  least  possible 
time  to  prevent  these  disturbances. 

SUPERSONIC  FLIGHT,  in  Which  the  airflow 
over  all  surfaces  ia  at  speeds  greater  than  sound 


velocity.  This  region  extends  from  about  Mach 
1 . 2  up  wa rd„  In  sup*  r sonic  flow,  little  turbulence 
is  present. 

HYPERSONIC  FLIGHT.  When  any  object 
moves  through  the  air,  the  molecules  of  air  re¬ 
quire  a  finite  time  to  adjust  themselves  to  its 
presence,  and  to  readjust  themselves  after  it 
has  passed.  This  period  of  adjustment  and  re¬ 
adjustment  is  called  the  relaxation  time.  If  the 
time  required  for  a  missile  to  pass  a  given  point 
ia  equal  to  or  Less  'hart  the  relaxation  time,  the 

missile  is  moving  at  hypersonic  speed.  Relaxa¬ 
tion  time  Is  longer  at  high  altitudes,  and  the 
beginning  of  the  hypersonic  speed  zone  is  cor¬ 
respondingly  lower.  Velocities  that  are  not 
hypersonic  at  sea  level  may  become  so  at  high 
altitudes.  Under  most  conditions,  the  hypersonic 
speed  zone  begins  somewhere  between  Mach  5 
and  Mach  10. 

HEAT  BARRIER 


This  is  not  a  barrier  in  a  physical  sense,  but 
its  effect  tends  to  limit  the  maximum  speed  of 
a  missile  through  Use  atmosphere.  Heal  results 
riot  only  from  friction,  but  from  the  fact  that  at 
high  speeds  the  air  Is  compressed  by  a  ram 

effect,  The  temperature  rise  caused  by  the  ram 
effect  Is  proportional  to  the  square  of  the  Mach 
number.  The  average  temperature  at  sea  level  is 
considered  to  be  59‘f ;  temperature  decreases 
steadily  with  altitude  to  about  46,000  feet, above 
which  it  is  assumed  to  be  constant.  At  sea  level, 
ram  temperature  is  about  88V  at  Mach  I  —  29* 
higher  than  the  standard  Temperature.  At 
Mach  %,  ram  temperature  at  sea  level  is  about 
260*7,  and  at  Mitch  4  about  1000*7.  .Missiles 
capable  of  Hying  at  these  speeds  must  be  capable 
of  withstanding  these  temperatures.  This  prob¬ 
lem  is  particularly  serious  with  ballistic  mis¬ 
siles  intended  to  plunge  down  into  the  atmos¬ 
phere  at  speeds  in  the  order  of  Mach  12,  A 
significant  part  of  the  development  effort  for 
long- range  ballistic  missiles  has  been  devoted 
to  development  of  nose  cones  capable  of  with¬ 
standing  extreme  temperatures. 


SHOCK  WAVE 


The  term  "shock  wave*  ts  often  used  in 
describing  effects  of  nuclear  explosions  but  it 
is  not  a  phenomenon  occurring  only  in  tremen¬ 
dous  explosions.  The  same  Interaction  of  forces 
produces  a  shock  wave  in  less  overpowering 
situations. 


36 


Chapter  2-FACTORS  AFFECTING  MISSILE  FLIGHT 


Afl  .1  missile  moves  through  the  air,  the  air  means  thru  the  greater  the  speed  of  the  moving 


tends  to  be  compressed,  and  to  pile  up  in  front 


the  fewer  the  number  of  air  particles 


of  the  missile.  Because  compressed  air  can  that  will  be  able  to  move  from  its  path,  with 


flow  at  speeds  up  to  the  spet  ■!  of  sound,  it  can  the  result  that  the  air  begins  to  pile  op  in  front 

smoothly  around  a  low-speed  missile.  But  of  the  body, 
as  the  missile  approaches  the  speed  of  sound,  When  the  object  reaches  the  speed  of  sound, 
the  air  can  no  longer  gel  out  oi  the  way  fast  the  condition  represented  in  figure  2-1  ZD  oc- 
enough.  The  missile  surfaces  split  the  air-  curs.  The  pressure  wave  can  no  longer  outrun 
stream,  producing  shockwaves,  A  shock  wave  the  object  and  prepare  the  air  particles  in  the 
is  3  sharp  boundary  between  two  masses  of  air  p^ih  ahead,  The  particles  then  remain  unrii fi¬ 


at  different  pressures. 

Shock  waves  can  seriously  alter  the  forces 
acting  on  a  missile,  requiring  radical  changes 


turbed  until  they  collide  with  the  air  that  has 
piled  up  in  the  airatream  just  ahead  of  the 

As  a  result  of  the  collision,  the  air- 


in  trim.  The  missile  tail  surfaces  may  be  stream  just  ahead  ol  the  object  is  reduced  in 
seriously  bulleted  and  wing  drag  rises.  Any  speed  very  rapidly;  at  the  same  time  its  density, 


deflection  of  the  control  surfaces  in  an  attempt 
tn  overcome  these  conditions  may  cause  new 


pressure 


* 


temperature  increase, 


As  the  speed  of  the  object  is  increased  beyond 
shock  waves,  which  interact  with  those  already  the  speed  of  sound,  the  pressure,  density,  and 
present .  For  this  reason  there  may  be  certain  temperature  of  the  air  just  ahead  of  it  are  in- 
gpeKJg  ti  which  the  controls  become  entirely  creased  accordingly;  and  a  region  of  highly 
useless.  In  some  cases  the  controls  become  compressed  air  extends  some  distance  out  in 
reversed,  and  the  action  which  usually  results  from  of  the  body.  Thus  a  situation  occurs  in 
in  a  turn  to  port  may  result  in  me  to  starboard  which  the  air  panicles  forward  of  the  com- 
LnsteacL.  These  effects  and  many  others  may  be  pressed  region  at  one  moment  are  completely 
the  result  of  compressibility,  a  property  of  the  undisturbed,  and  at  the  next  moment  are  com- 
atrstream  which  is  not  prominent  ,it  low  speeds  pelleri  to  undergo  drastic  changes  in  velocity, 
but  winch  cannot  be  ignored  ut  high  speeds,  densitv,  temperature,  and  pressure.  Because 
THE  NATE  HE  OF  COMPRESSIBILITY.—  of  the  Sudden  nature  of  the  transition,  the 
When  an  object  moves  through  the  :i:r,  it  cor.-  boundary  between  the  undisturbed  air  and  the 
tinuou  sly  produces  small  pressure  disturbances  compressed  region  is  called  a  shock  wave. 

You  cannot  see  these  changes  taking  place  in 


in  the  airstre&m  as  it  collides 


the  air 


particles  in  its  path-  Each  *uch  disturbance— a  air  but  you  can  see  the  same  type  ol  action  oc- 
small  variation  in  the  pressure  of  the  air— is  curring  in  water.  Using  a  boat  on  a  lake  in  our 


transmitted  outward  in  the  form  of  a  weakpres- 

sure  wave.  Each  expanding  pressure  wave  follows. 


the  changes  m 


be  described  as 


travels  at  the  ^peed  ol  sound*  Although  each 


For  the  purposes  of  the  illustration,  we'll 


pressure  wave  expands  equally  in  all  directions,  assume  that  the  waves  or  ripples  formed  on  the 


the 


is  that  in  which  the  lake  will  move  at  10  mph,  and  the  Mach  number 


object  generating  it  is  moving. 

As  long  as  the  object  is  moving  at  low  sub 


is  the  ratio  of  boat  speed  to  wave  speed. 

With  the  boat  at  rest,  the  waves  made  by  the 


sonic  speed,  its  position  with  respect  to  the  boat  bobbing  up  and  down  will  spread  out  in  cbn- 
pressure  wave  it  produces  is  similar  to  that  centric  circles  at  the  rated  10 mph  (fig.  2-13A). 
shown  in  figure  2-I2A.  The  pressure  wave  ex¬ 
pands  in  all  directions.  Since  its  speed  is  high 


Now  if  the  boat  moves  at  the  rate  of  5  mph 
('representing  a  speed  of  -Mach  0,5),  the  ripples 


compared  with  that  of  the  body,  the  variation  in  will  still  spread  out  at  the  rate  of  10  mph  but 

pressure  travels  well  ahead  and  agitates  the  air  they  will  no  longer  be  concentric  (fig.  2-13B). 

particles  in  the  path  of  motion.  Hence,  when  In  figure  2-13C,  the  boat  is  moving  at  the  same 

the  bod>  arrives  at  any  given  point,  the  air  speed  as  the  speed  of  wave  propagation,  repre- 

partlclrs  there  are  already  in  motion  and  ran  sentin^  Mach  1,  and  all  the  waves  are  tangent  tg 


easily  and  smoothly  flow  around  it. 

In  figure  2-I2B  and  Cp  the  object  is  repre 


each  other  at  the  bow  of  the  boat.  In  figure 
2-1  ZD,  the  boat  is  moving  at  twice  the  wave 


sented  as  increasing  in  speed  but  as  still  speed— Mach  2— and  H  leaves  the  ripples  behind, 

traveling  below  sonic  velocity.  As  speed  in-  The  wave  pattern  now  becomes  a  wedge  on  the 

creases,  the  object  at  any  moment  is  nearer  the  surface  of  the  water.  In  the  air*  with  three- 

undisturbed  air  particles  in  its  path.  This  dimensional  flow,  the  pattern  would  be  a  cone. 
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AIR  FLOW 

DISTRIBUTION 


FORMATlDJN  OF 
PRESSURE  WA.E 


AiR  FLOW  FORMATION  OF 
DlSTRieui  jN  PRESSURE  rfAVE 


D 


■  f  INIT.AL  POSITION  OF  A  MOVING  OBJECT 

E1AS  POSITION  CP  OBJECT  A  SNORT  TIME  UTTER, 

\  :  POSITION  OF  PRESSURE  WAVE  CREATED  BY 
/  THE  TIME  MOVING  OBJECT  IS  AT  "A" 

K-  AREA  IN  PATH  OF  MOVING  OBJECT,  JUST 

A  HE  AO  OF  PRESSURE  WAVE 


r  -  RADIUS  OF  PRESSURE  WAVE  CIRCLE  * 
(SPEED  OF  SOUND)  X  ITlIYlE  FOR  OBJECT 
TO  GET  FROM  CENTER  OF  CIRCLE  TO 
POINT  TO. 

M  i  MACH  NUMBER  OF  MOVING  OBJECT. 
FLOW  Of  AIR  STREAM. 


33*20 

Figure  2-12,— Compressibility  of  air  at  various  speeds- 


The  settiivertpx  angle  ts  the  MACH  ANGLE,  The 

greater  the  spr^d  above  Mach  1,  the  smaller  the 

angle-  The  shock  waves  form  at  the  point  of 
greatest  density,  where  ripples  meet.  The  bow 
wav#  of  the  b^ai  ts  closely  analogous  to  the 

conical  shock  wave  that  spreads  fr  m  th^  nose 
of  a  supersonic  missile. 


have  the 

cause:  the  fact  that  an  object  is  moving  through 

i  fluid  faster  than  the  fluid  itself  can  flow. 


Types  of  Shock  Waves 


There  are  several  types  oi  shock  waves,  the 
principal  classes  being  the  NOR  MAI  ,nd  the 

OBLIQUE.  These  differ  primarily  in  the  way 
in  which  the  ;a  ret  ream  passes  through  them. 
In  the  normal  (or  perpendicular)  wave,  the  air 
passes  through  without,  changing  direction,  and 


the  wavefront  is  perpendicular  to  the  line  of 

flow  (fig,  2-JL4A h  The  normal  shock  wave  is 
usually  verv  strong;  that  is,  the  changes  in  pres¬ 
sure,  density,  and  temperature  within  it  are 
great.  The  air  passing  through  the  normal  shock 
wave  always  changes  from  supersonic  to  sub¬ 
sonic  velocity. 


OBLIQUE  shock  waves  are  tho sc  m  which  the 
-Tir stream  changes  in  direction  upon  passing 
through  the  transition  marked  by  the  wave- 
front  fig.  2-14B),  Those  waves  are  produced 
in  supers  mic  air  streams  at  the  point  of  entry  of 
wed^c- shaped  and  other  sharply  pointed  bodies, 
The  resulting  wavefronts  make  angles  of  less 
than  SO*  A-i?h  the  Une  of  flight.  Like  the  normal 


Shock 


wave,  the  oblique  wave  occurs  at  a  point 


oi  change  m  velocity  from  a 


r  to  a  lower 


value.  The  change  in  speed  is  usually  from 


supersonic  to  subsonic  bur  not 


so ,  In 
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Figure  2-13,— Mach  angle  analogy, 


some  cases  the  airflow  Is  supersonic  both  up¬ 
stream  and  downstream  of  the  oblique  wave. 
In  general,  the  variations  m  density,  pressure, 
and  temperature  are  less  severe  in  the  oblique 
wave  than  in  the  normal  shock  wave.  As  wo  have 

said,  a  shock  wave  is  a  sharp  boundary  between 
two  masses  of  air  at  different  pressure.  Air 

the  oblique  shock  wave  has  a  lower 
relative  speed  than  that  in  front,  and  there¬ 
fore  has  a  higher  pressure. 


NO  Ft  MA  L 


shock  waves  r. an 


a  V  e  r 


wing  surfaces  of  a  subsonic  aircraft  that  ex* 
ceeds  its  maximum  safe  operating  speed  (fig. 
2-15A).  The  high  speed  [but  still  subsonic) 
airstroam  flows  up  over  the  leading  edge  of  the 
wing,  increasing  in  velocity  ns  it  does  so,  and 
passes  the  speed  of  sound.  At  a  point  nu  the 
wing  slightly  rearward  of  the  leading  edge,  the 
velocity  of  the  flow  decreases,  changing  from  a 
supersonic  to  a  subsonic  value.  At  the  point  of 


transition  a  normal  shock  wave  is  formed.  This 
process  illustrates  the?  following  rule  which 
always  holds  true:  The  transition  of  air  from 
subsonic  to  supersonic  flow  is  smooth  and  un* 

accompanied  by  shook  waves,  but  the  Change 
from  supersonic  to  subsonic  flaw-  is  always 
sudden  and  is  accompanied  by  large  variations 
In  pressure,  density,  and  temperature.  Figure 


tvC-Vi-  b-i.Cr-.  .svvf 


jp£n  sdh 
FLOW 


3Jfl$&-Sit 
FlJWf  - 


SUPER  EO^JC 

SHOCK  *4VES 


33.271 .2& 

Figure  2-14.— Formation  of  shock  waves: 
A.  Normal  shock  waves;  B.  Oblique  shock 
wav  es , 


2-15  s! iowtf  the  manner  in  which  shock  waves 
behave  at  increasing  airfoil  speeds.  In  figure 
2-15A,  the  airfoil  is  traveling  at  Mach  0.75  .  The 
airflow  Over  the  upper  surface  is  fast  enough  to 
cause  the  formation  Of  a  shock  wave  on  the  upper 

surface.  As  the  air  roil  speed  increases  to  Mach 

0.90  (fug,  2-loB.j,  the  airflow  be  comas  fast  enough 
to  cause  an  additional  shock  wave  to  form  on  the 
lower  surface,  Figure  2-15C  shows  the  waves 
moving  toward  the  trailing  edge  as  the  airfoil 

speed  is  Increased  to  Mach  0,95.  Finally,  when 
the  airfoil  reaches  supersonic  speed  ifig.2-15D 
and  E),  the  upper  and  lower  shock  waves  move 
all  the  way  back  to  the  trailing  edge  and,  at  the 
sunn*  time,  a  new  shock  wave  is  produced  in 
front  of  the  leading  edge, 


CONTROL  OF  SUPERSONIC  MISSILES 


Aerodynamic  control  is  the  connecting  link 
between  the  guidance  system  and  the  missile 
flight  path.  Effective  control  of  the  flight  path 
requires  smooth  and  exact  operation  of  the 
missile  control  surfaces.  The  control  sur¬ 
faces  must  have  the  best  possible  design  con¬ 
figuration  for  the  intended  speed  of  the  mis¬ 
sile*  They  must  be  moved  with  enough  force 
to  produce  the  necessary  change  of  direction. 
Methods  must  be  found  for  balancing  the  vari¬ 
ous  controls,  and  for  changing  them  to  meet 
the  variations  of  lift  and  drag  at  different 
Mach  speeds  so  as  to  maintain  missth  ■  stability. 
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low  pressure  area  above  the  fin.  B  eneath  the  fin, 
the  force  of  the  airstream  (dynamic  pressure) 
and  the  formation  of  dfelique  shock;  waves  result 
in  a  high,  pressure  area.  The  differences  in 
pressure  above  and  below  the  fin  produce  lift. 

Fixed  fins  are  usually  called  vertical  stabilizers 
or  horizontal  stabilizers,  depending  on  their 


Figure  2-13.— 1  shock  waves  at  various 


In  some  modern  missiles  lift  is  achieved 
entirely  by  the  thrust  of  the  main  p  ro  pul  5  in  r. 
system.  The  Polaris  missile,  for  example,  has 
no  fins.  It  is  Important  that  you  realize  that 
fins  cannot  control  a  missile  sutsirfe  the  earth's 
atmosphere.  The  methods  of  achieving  control 

in  space  will  be  discussed  later  in  the  course. 


Guided  missiles  may  also  be  provided  with 
movable  control  surfaces,  since  stationary  fins 
cannot  provide  the  precise  control  needed  to  keep 
the  missile  on  a  desired  course.  Movable  con- 
trol  surfaces  can  be  divided  into  two  types: 
primary  and  secondary.  The  primary  controls 

include  ailerons,  elevators,  and  rudders  (fig. 
2“I7).  Secondary  control  .surfaces  include tabs. 

Spoilers,  and  slots.  Primary  control  devices 
are  responsible  for  maintaining  missiles  a  Joint 
desired  trajectories.  If  no  unstabilizing' condi¬ 
tions  were  present,  primary  control  could  func¬ 
tion  satisfactorily.  A  missile  can  be  controlled 
more  accurately  and  more  efficiently,  however, 
by  the  use  of  secondary  controls,  in  various 
combinations,  working  in  conjunction  with  pri¬ 
mary  controls. 

Ailerons,  elevators,  and  rudders  are  attached 
to  fixed  wings  and  tails  as  in  a  conventional 
aircraft. 

In  figure  2-17,  ailerons  are  attached,  to  the 
trailing  edges  of  the  wings.  When  one  aileron 
is  lowered,  the  other  is  raised*  Movement  nl 

the  ailerons  changes  the  wing  camber  and  brings 
about  roll  control.  The  wing  with  the  raised 


External  Control  Surfaces 


The  simplest  control  surfaces  a  re  fixed  fins. 
The  flight  of  an  arrow  is  an  example  of  the 
stability  provided  by  fixed  fins.  The  feathered 
fins  on  an  arrow  present  streamlined  airflow 
surfaces  which  ensure  accurate  flight.  Since 
supersonic  missile  fins-  are  not  cambered,  a 
slightly  different  lift  principle  is  involved  than 
with  the  conventional  wing.  At  subsonic  speeds 
a  positive  angle  of  attack  will  result  in  impart 

pressure  on  the  lower  fin  surface  which  will 
produce  lift  just  as  with  the  conventional  wing. 
At  supersonic  speeds,  the  formation  of  expan¬ 
sion  waves  and  oblique  shock  waves  also  con¬ 
tributes  to  lift.  Figure  2-16  shows  a  cross  sec¬ 
tion  of  a  supersonic  fin  arid  airflow  about  tt. 
Due  to  the  fin  shape,  the  air  is  speeded  up  through 
a  series  of  expansion  waves.  This  results  in  a 


FACTORS  AFFECTING 


FLIGHT 


of  attack  the  slot  can  be  opened  to  allow  air 
spill  through  and  thus  prevent  a  stall* 


RUDDER 
-  RUDDER  TAB 


AILERON 


Dual  Purpose  Control 


AILERON 

-TAB 


The  primary  and  secondary  control  devices 
d l g cu j=3ed  ab ovf;  are  u sed  0 n  ole r: r  typ e  m i  j?si ] e s , 
although  The  Buildup  missile  uses  a  type  of  tab. 
For  high-speed  m issues,  new  control  surfa.ee 
SPOtLER  designs  have  been  developed.  Examples  of  such 
v  surfaces  are  elevens ,  r ailerons,  rudder v stars, 

Nv  and  atlevators.  As  the  name  a  indicate,  these  are 

multipurpose  control  devices.  For  example,  an 
el e vo r.  replaces  an  elevator  find  an  aileron, 
allowing  control  of  pitch  and  yaw  by  a  single 
control  mechanism.  The  Rpgulus  missile  used 
33*39  this  device.  If  operated  together,  they  serve  as 
.—Control  devices  on  conventional  elevators;  if  operated  differentially,  they  serve 
type  missiles,  as  ailerons.  If  the  missile  tail  surfaces  were 

inclined  upward,  to  form  a  V  with  the  missile 
axis,  controls  on  the  trailing  edges  of  these  sur- 
es  down  and  the  other  wing  moves  faces  could  be  used  as  ruddervafors.  By  suit¬ 
able  combinations  of  movement s,  they  could 
control  the  missile  in  both  pitch  and  yaw* 
F  is  ire  2-  LGA  shows  the  fixed  and  movable  stabi¬ 
lizing  surfaces  on  Tartar  and  Bullpup  missiles. 
The  Tartar  has  four  fixed  trapezoidal  dorsal 
fins  the  length  of  the  rocket  section,  and  four 

independently  movable  tail  fins.  The  tad  fin  55- 

are  folded  during  handling  and  stowage. 

The  Terrier  BT-3  has  fixed  dorsal  fins 
and  folding  tail  surfaces.  Four  booster  fins 
are  mounted  B0&  apart  a  round  the  after  end  of  the 

booster,  and  are  in  line  with  the  missile  tails 
and  the  dorsal  fins*  The  Terrier  BW-1  has 
fixed  tails. 

The  Tales  missile  has  four  movable  wings 
in  a  cruciform  arrangement  at  approximately 
me  missile  Longitudinal  center  of  gravity*  Four 

fixed  fins  near  the  after  section  are  mounted  in 
line  with  the  four  wings.  The  boaster  al.so  has 
four  fins,  which  art  attached  fo  the  exit  nozzle* 
After  the  bp  :-i st e r  pr  jpclhint  has  burned  out,  the 

booster  airframe  drops  off. 


ELEVATOR  TAB 
ELE  VATOR 


Elevators  attached  to  the  horizontal  tail 
stabilizers  may  be  used  for  pitch  control.  The 
elevators  arc  raised  or  lowered  together. 

Rudders  attached  to  the  vertical  stabilizers 
{fig*  2-17}  may  be  used  for  yaw  control. 

If  the  rudder  moves  to  the  right  the  tail  moves 
to  the  left,  and  the  missile  yaws,  to  the  right, 

Tabs  are  hinged  to  primary  control  surfaces, 

Lind  Ih  e  for  c  e  ex e  H  ed  by  t hes  e  dev  lc  e  s  i  s  d  i  r  cc  t  ed 
to  act  against  a  primary  control  and  not  the 
missile  itself.  For  example,  consider  a  tab 
(fig*  £-]7;  on  an  elevator*  If  the  tab  moves  up¬ 
ward,  the  deflected  air  will  exert  a  downward 
force  on  the  elevator.  The  elevator  will  then 
move  down*  Note  that  it  is  still  the  elevator, 
not  the  tab,  that  directly  controls  the  missile. 

A  fixed  tab  is  preset  for  a  given  condition  of 
Stability;  a  trirn  tab  is  contra  liable  and  its 

setting  can  be  varied  over  a  wide  range  if  con* 
diiions.  A  booster  tab  is  used  to  assist  in 
applying  force  to  move  control  surfaces  of  large 
areas. 

A  spoiler  can  be  any  of  several  devices—  Control  at  Starting  Speeds 
for  example,  a  hinged  Dap  on  the  upper  surface 

of  the  wing.  Suppose  that  a  gust  of  air  causer;  the  Surface- launched  m  i  s  s  il  e  s  Eta  rt  out  with  zero 
left  wing  to  Lose  lift,  Tht  spoiler  on  the  right  velocity,  and  accelerate  to  flying  speeds.  For 

wuig  can  be  raised  to  *  ‘  spoil"  the  smooth  flow  of  a  short  time  after  launching,  airspeed  over  the 

air  over  it,  and  thus  decrease  its  lift  to  equal  control  surfaces  is  slow,  and  these  suriaecs are 
that  of  the  other  wing*  unable  to  stabilize  the  missile  or  control  its 

A  slot  is  basically  a  high -lift  device  located  course.  With  small,  booster- launched  missiles, 

at  the  leading  edge  of  the  wins;,  At  a  normal  this  problem  is  not  serious.  Terrier,  for  ex- 

angle  of  attack,  it  has  no  effect*  At  high  angles  ample,  builds  up  enough  speed  for  aerodynamic 
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powerful.  Another  method  of  jet  control  con¬ 
sists  in  mounting  several  auxiliary  jets  at 
various  points  {fig.  2-1  BA)  on  the  missile  sur¬ 
face.  By  turning'  on  one  or  mare  of  the  auxiliary 
Jet  a,  it  le  possible  for  the  guidance  and  control 
systems  to  change  the  missile  course  as  re¬ 
quired.  Heat  shields  are  necessary  to  protect 
the  main  body  of  the  missile  from  exhaust  heat 
generated  by"  the  jets.  The  use  of  auxiliary 
jets  makes  it  possible  to  eliminate  the  out  side 


stability  in  a  fraction  of  a  second.  But  heavy 

Intercontinental  ballistic  missiles  rise  slowly 
from  their  launching  pads,  and  may  require 
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2_]g._Jet  control  of  flight  altitude. 
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Figure  2- I&T— Vector  control:  A-  Before  surf  after  burnout;  B.  Thrust  vectors; 

C .  Total  force  vector. 


Vector  control  as  achieved  tn  some  mods  of 

the  Polaris  missile  will  be  described  briefly. 

The  Polaris  has  no  control  Labi#  aerodynamic 

surfaces,  and  must  therefore  be  stabilized  and 

controlled  by  other  men  ns.  Us  flight  control 

subsystem  provides  c  ontrol  and  stabilization  of 
the  missile  during  its  powered  flight.  The 
propulsion  subsystem  provides  thru  si  and  thrust 
vector  control.  The  combustion  gases  from  the 


burning  propel  Lam  a r exhausted  through  four 
nozzles,  and  each  nozzle  has  a  jetevator  which 
can  be  moved  to  deflect  the  gases  as  ordered 
by  the  Flight  control  subsystem.  Figure  2- 2D 
illustrates  the  action  of  the  Jetevators  in  stabi¬ 
lizing  and  steering  the  missile.  For  convenient 
reference,  the  nozzles  are  numbered  clock¬ 
wise  as  seen  from  the  rear,  The  ]  elevators, 
one  on  each  nozzle,  art  pivoted  on  the  top  and 
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PRINCIPLES  OF  GUIDED  MISSILES  AND  NUCLEAR  WEAPON'S 


bottom  on  nozzles  2  and  4,  and  at  either  side  on  Both  lift  and  drag  are  directly  proportional,  to 

►  the  square  of  missile  speed. 


nozzles  1  and  3.  The  jete  valors  normally  func¬ 
tion  in  pairs.  Those  on  nozzles  2  and  4  ran 


DHAG  REDUCTION 


It  is  essential  that 


deflect  the  gas  stream  either  to  the  right  or  the  supersonic  missiles  be  designed  for  minimum 

left,  and  those  on  L  and  3  can  deflect  it  either  drag.  A  low  drag  configuration  makes  it  pos- 

upward  or  downward,  Figure  2-20  shows ho w the  sible  to  use  a  smaller  power  plant,  with  a 

p-tevators  function  in  'he  mi^tUe  to  produce  lower  rate  of  fuel  consumption r  The  resulting 


pitch  up*  yaw  to  the  rights  and  missile  clock¬ 
wise  roil.  Positioning  Jetevatnrs  1  and  3  as  the  range  of  the 
shown  in  figure  2-20A,  deflects  The  gas  stream  payload,  reduce  Its  overall 
upward,  which  causes  the  missile  to  pitch  up-  Hon  of  these  three  * 


saving  in  bulk  and  weight  can  be  used  to  extend 

to  its  warhead 

*  or  any  combma- 


ward.  In  part  B  of  the  figure,  3 elevators  2  and 


The  effect*  .if  thickness  distribution,  Rey- 


4  deflect  tha  ua#  stream  to  the  right  and  cause  nolds  number,  surface  imperfection,  and  Mach 

the  missile's  nose  to  yaw tq the  right.  In  part  C,  number  .ill  influence  missile  drag*  Wing  drag 

each  Jetevator  pair  is  set  differentially  'No.  1  is  influenced  by  thickness  ratio,  gweepback, 

deflects  the  ga3  stream  downward.  No,  3  deflects  aspect  ratio,  and  section  of  airfoil.  Total  draff 


it  upward;  No,  2  deflect*  it  to  the  right.  No*  4  to  of  the  missile  is  made  up  of  fuselage  drat ,  wing 

the  left);  this  drives  the  missile  into  a  dock-  .ind  fin  drag,  and  another  factor  not  present  in 

wise  roll.  Tile  j  elevators  are  moved  by  signals  subsonic  flight;  mutual  interference  between 

from  the  Hight  control  subsystem  jf  the  missile,  the  drags  of  the  Individual  parts.  For  example, 

the  drag  of  a  wing  may  be  strongly  affected, 
for  better  or  worse,  by  the  shape  of  the  body  on 
which  it  is  mounted*  Since  drag  is  directly 
The  configuration  of  a  guided  missile  is  proportional  to  velocity  squared,  minimum  drag 
the  principal  factor  controlling  the  dra-r  and  design  becomes  of  paramount  Imporiimce  at 


EFFECTS  Of  MISSILE  CONFIGURATION 


It  ft  force*  that  act  on  it.  And  these  two  forces 
largely  determine  the  overall  efficiency  of  the 


missile  velocity  increases. 

LIFT  EFFECTIVENESS.  A  steady  lift  force, 


missile.  Missile  couflguratum  and  strength  equal  to  the  weight  of  the  missile*  must  he  main- 
are  dependent  on  the  required  missile  maneuver-  tallied  to  keep  the  missile  in  level  flight*  AtJdi- 


abllity,  stability,  speed,  and  operating  altitude 


(tonal  lift  ntus:  be  available  for  maneuvering. 


Figure  2- 20*— J elevator  action  for  missile  control:  A,  Jetevators 


144.10 

to  cause  missile  to 


pitch  up; 

roll. 


J ete  vat 0 rs  positioned  for  vaw  to  the  right;  C*  Jetevatorfl  positioned  for  clockwise 
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Chapter  2—  FACTORS  AFFECTING 


A  missile  must  toe  so  designed  that  we  neces¬ 
sary  lift  is  provided  with  minimum  drag.  And, 
for  satisfactory  control  response,  lift  must  vary 

smoothly  with  the  angle  of  attack. 

The  conditions  of  flight  associated  with  sub¬ 
sonic  airflow  are  well  known.  Airflow  phe¬ 
nomena  at  supersonic  speeds  are  orderly,  and 

can  be  analysed  mathematically.  But  in  the 
transonic  speed  range,  major  design  prob¬ 
lems  arise.  A  great  deal  remains  to  be  learned 
about  airflow  in  this  range. 

Airflow  over  an  ideal  winy  would  be  sub¬ 
sonic  until  the  missile  reaches  a  velocity  of 
Mach  1,  and  it  would  then  immediately  become 

supersonic.  In  other  words,  an  ideal  wing,  if 
it  were  possible  to  make  one,  would  eliminate 
the  transonic  range*  Actually,  the  transonic 
range  begins  when  the  flow  over  any  part  of 
the  missile  becomes  supersonic,  and  continues 
until  the  flow  over  all  parts  of  the  missile 
becomes  supersonic*  The  free- stream  Mach 
number  at  which  transonic  flow  begins  on  any 
given  missile  is  called  the  critical  Mach  num¬ 
ber  for  that  missile* 

Every  missile  is  designed  Tor  a  cruising 
speed  either  below  the  transonic  region  or 
above  it;  no  missile  is  intended  to  cruise 
within  this  region.  For  supersonic  missiles, 
the  effects  of  the  transonic  zone  can  be  mini¬ 
mised  m  two  ways.  First,  the  range  of  speeds 
included  within  the  transonic  zone  can  be  nar¬ 
rowed  by  suitable  design  o '  the  missile*  Second, 
by  m ai nt a l n inn  ma si m u m  p ' > we rpl n ;  rh rust  until 
after  supersonic  velocity  is  reached,  the  mis¬ 
sile  can  pass  through  the  transonic  region  in 
minimum  time.  Supersonic  missiles  are  often 
launched  with  the  help  ol  boosters*  A  booster 
may  be  considered  as  an  auxiliary  powerplant* 
it  consumes  fuel  at  a  rapid  rate,  and  develops 
a  high  thrust*  After  the  missile  has  passed 
through  the  transonic  region  its  booster  falls 
away.  The  missile  is  then  propelled  at  super¬ 
sonic  speed  by  its  own  power  plant,  which  has  a 

tower  rate  of  fuel  consumption  and  a  smaller 
thrust  than  the  booster. 

Figure  2-1  OB  represents  locations  and  do- 
signs  of  control  surfaces  of  current  guided 

missiles*.  The  optimum  arrangement  of  air¬ 
foils  on  a  missile-  is  governed  toy  many  factors, 
such  as  speed,  rate  o£  acceleration  during  the 
launching  phase*  range,  and  whether  or  not  the 
missile  is  to  be  recovered.  The  sketches  in 
figure  2-21  show  some  of  the  more  common 
a  r  rang  run  ent  s  o  t  missile  a  i  rfo  il  s .  Ins  om  e  mi  s  - 
sile  designs,  arrangements  shown  u:  the  figure 
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as  ,Jtail  units  may  be  used  at  the  mid- section 
or  even  at  the  noee  of  the  missile;  in  others, 
some  of  the  *fwing  arrangements1 '  shown  in  the 
figure  may  be  used  as  tail  units* 

The  CONVENTIONAL  and  CRUCIFORM  are 
the  most  popular  tail  arrangements.  The  HIGH. 

WING  and  cruciform  wing  arrangements  are  used 

for  most  missiles.  The  INLINE  cruciform  ar¬ 
rangement  is  widely  used,  especially  for  super¬ 
sonic  missiles*  The  INTERDIGITAL  form  is 
used  on  older  mods  of  Terrier. 

in  some  supersonic  missiles,  body  lift  may 
be  the  only  lifting  force.  In  such  high-speed 
applications,  control  surfaces  can  be  made 
smaller  or  eliminated  altogether,  as  in  Polaris, 
thus  counteracting  the  increased  drag  at  high 
speeds* 
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Ai  supersonic  speeds,  t.hc  advantages  n-f 

camber  (curve)  of  the  airfoils  no  longer  exist* 
and  wing  designs  must  be  modified.  The  wing 
receives  its  lift  as  a  result  of  the  angle  of 
attack  rather  chan  of  any  increase  in  velocity 
of  the  air  stream  over  the  upper  surface  as 
compared  with  the  lower  surface.  A  smooth 
flow  of  air  over  the  wing  for  fin)  surface  keeps 
down  the  drag;  anything  that  increases  turbulence 
of  the  airflow  increases  drag. 

FIN  DESIGNS,  Supersonic  fins  are  sym¬ 
metrical  in  thickness  cross  section  and  have  a 


small  thickness  ratio— the  -aliu  .-f  the  maximum 


thickness  to  the  Chord  length.  The  DOUBLE 
WEDGE,  shown  in  figure  2- 22 A,  has  the  least 
drag  for  a  given  thickness  ratio,  but  in  certain 
applications  it  is  inferior  because  it  lacks 
st  rength  >  Th  e  MODI  FI  E  D  D  0  UB  L  E  WEDGE  h  as 
relatively  low  drag  (although  its  drag  is  usually 
higher  than  a  double  wedge  of  the  same  thickness 
ratio)  and  is  stranger  than  the  double  wedge. 

The  BICONVEX,  also  shown  in  the  figure,  has 
about  one- third  more  drag  than  a  double  wedge 
of  the  same  thickness  ratio.  It  is  the  strongest 
of  the  three  but  is  difficult  to  manufacture. 

The  planform  of  the  tins- -the  outline  when 
viewed  from  above— is  usually  either  of  the 
DELTA- MODIFIED  DEI  TA  f raked  tip)  or 

RECT.ANGUI  AH  types  shown  in  figure  2-22R, 


These 


considerably  reduce  unwanted 


shock  wave  effects.  The  combination  of  a  raked 


tip  and  cathedral  droop  (fig,  2- 22C  «  of  the  wings 
permits  better  control  as  foe-  &  wept  -hack  wings 

delay  air  compressibility. 

Most  missile  bodies  are  slender  cylindrical 

structures  similar  to  those  shown  in  figure 
2-22E,  Several  typ eg  of  nose  sections  are  used. 
If  the  missile  is  intended  for  supersonic  speeds, 
the  forward  section  usually  has  a  pointed  arch 
profile  in  which  the  sides  taper  in  lines  called 
OGIVE  curves  (fig*  2-22D{a;i.  Missiles  which 
fly  at  lesser  speeds  may  have  blunt  noses  as 
shown  in  figure  2- 2  2D  ft).  The  Sidewinder  is  an 
example  of  a  missile  with  such  a  nose.  An  air- 
breathing  missile  nose  which  includes  the  duct 
for  the  ramjet  propulsion  system  is  also  shown 
(fig.  2-22D(d ). 


Hydrodyna  mica 


dc  v  b  e  w  r  ?  s  r 


MOD 1 9*  l£  D  DOUBLE 
WEDS-E 


BICONVEX 


Q  ZIN 

C..I  PFCD  TIPCc  LTA 


DELTA  OR  tr;anGLJLAR 


RECTAfeSULAft  RECTANGULAR  WITH  R  AttE 

B 

CATHEDRAL  ANCLE 


01  Vi  SH  APR 


0  LUN  T  '■!  •"  -  ~ 


ROUND  MDSE  BLUNT  NOSE  WITH  AIR  DUCT 

0 


Since  surface-fired  missiles  for  underwater 
attack  are  part  of  the  missile  armament  of 
many  ships,  you  need  to  know  something  about 
the  effect  of  water  on  missile  shape,  sn^ed, 


t  raj  e  otory  5  and  at  hr  rasp  ect  s .  Th  e  cf  p  v  elc  p  m  e  nt 


33.33-*4l 

Figure  2-22,— High  speed  configuration  char¬ 
acteristics:  A.  Supersonic  flu  cross-sectional 
shapes:  B.  Supersonic  fin  platforms;  C,  Wing 

an^ls;  D.  Missile  noses. 


Chapter  2- FACTORS  AFFECTING  MISSILE  FLIGHT 


of  lift  on  a  surface  moving-  in  water  differs 
substantially  from  the  same  phenomenon  in  air 

because  water  is  almost  incompressible  while 
air  is  highly  compressible*  When  a  missile 
moves  through  air,  a  change  in  the  density  of  the 
air  Occurs  at  various  points  of  the  missile  and 
its  airfoils*  The  same  motion  through  water 
produces  a  different  effect*  The  flow  of  water 
past  an  inclined  plane  (the  hydrofoils)  can  be 
treated  as  two  separate  motions.  The  first  is 


the  streamline  flow  (£;g.  2- 23  A  3,  just  a.b  ts  en 


countered  in  air,  and  the  second  is  a  Circulation 
(fig.  2-23B)*  The  circulation  component  is  due 
directly  to  the  incompressibility  of  water.  The 
net  flow  (resultant)  is  rtic  sum  of  the  two  com¬ 
ponents  (fig,  3-23Cb  The  resultant  velocity  is 
greater  above  the  plate  than  below  ft,  and  there 
is  therefore  a  powerful  uplift  force.  The  d r a g 
force  is  parallel  to  the  direction  of  motion. 


k  STREAMLINE  FLOW 


VELOCITY 


The  greater  the  lift  required  of  the  hydro¬ 
foil.  the  greater  must  be  the  effective  angle  of 

attack  at  which  it  moves,  wit  bin  the  normal  range 
of  angle  of  attack.  As  speed  increases,  waterT 
like  airj  cannot  get  out  of  the  way  of  the  moving 
foil  fast  enough.  Discontinuities  of  flow  occur, 
causing  cavitation  (formation  of  areas  of  vac¬ 
uum),  and  lift  decreases,  drag  increases^  and 
buffeting  and  other  undesirable  phenomena  may 
occur.  This  is  called  the  stalling  point,  com¬ 
parable  to  the  burble  point  in  air. 

Designers  of  missiles  whose  trajectory  is 
partly  through  air  and  partly  through  water  must 
consider  both  aerodynamic  and  hydrodynamic 
effects  on  the  missile  shape  and  its  wings  and 
fins.  This  requires  compromises  in  design.  For 
example,  an  airfoil  should  be  thin  to  achieve 
the  smoothest  flow  of  air  over  the  surfaces,  but 
a  hydrofoil  must  have  thick  Sections,  or  at  least 
the  leading  edge  must  be  relatively  thick  because 
of  the  extremely  wide  range  of  attack  angles  to 

which  it  may  be  subjected*  Therefore,  some  lilt 
has  to  be  sacrificed  in  order  to  have  a  foil  able 
to  withstand  water  forces  Water  has  greater 

buoyancy  than  air,  so  leas  lifting  force  is  needodj 
but  at  the  same  time,  the  drag  force  is  greater, 
so  a  greater  propulsive  force  is  needed-  Rico- 

chetting  or  skipping  at  water  entry  must  be  pre¬ 


vented.  All  these 


must  be  considered 


in  the  missile  configuration* 


l  circular  flow 


VSLOClTr 


VELOCITY 


C  RESULTANT  FLOW 

144,11 

Figure  2-23.— Flow  of  water  about  an  inclined 
plane:  At  Streamline  flow;  B.  Circular  flow; 
C.  Resultant  flow. 


GUIDED  MISSILE  TRAJECTORIES 


The  trajectory  of  a  missile  is  Us  path  from 
launch  to  impact  or  de  struct.  There  are  two 
basic  types  of  missile  trajectories^  ballistic 

aerodynamic  (including  the  “gravity- 


and 


b ia  s  ed  "  ae  r □  iynn  m  ically  su  pport  ed  \  raj  ect ory  }* 
A  number  of  other  trajectories  are  named  ac¬ 
cording  to  the  path  traveled*  Some  Of  these 
trajectories  arc:  aeroballistic,  glide,  powered 

,  terminal,  zero  lift,  skip,  and  standard  or 
.  The  chapters  On  guidance  illustrate  some 
of  the  trajectories. 


In  a  BALLISTIC  trajectory,  the  missile  is 
acted  upon  only  by  gravity  and  aerodynamic 

drag  after  the  propulsive  force  is  terminated. 

Gun  projectiles  have  a  purely  ballistic  trajec¬ 
tory;  ballistic  missiles  have  at  least  the  major 
part  of  the  trajectory  a  ballistic  one* 

An  AERODYNAMIC  missile  is  one  which  uses 
aerodynamic  forces  to  maintain  its  flight  path; 
it  usually  has  a  winged  configuration. 
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TRAJECTORY  CURVES 


Missile  trajectories  include  many  types  of 
curves.  The  exact  nature  of  the  curve  is 

determined  by  the  type  of  guidance  and  the 
nature  of  the  control  system  used.  For  some 
missile s,  the  desired  trajectory  is  chosen  be¬ 
fore  the  missile  is  designed,  and  the  missile  is 
closely  limited  to  tha-  trajectory.  Missiles  may 
offer  a  choice  of  trajectories, 

HYPERBOLIC  TRAJECTORY, -A  missile 
using  a  hyperbolic  guidance  system  will  first 
climb  to  the  desired  altitude,,  then  follow  an  arc 
of  a  hyperbola  before  diving  on  its  target.  If  the 
control  stations  are  ideally  located  with  respect 
to  the  target,  the  hyperbolic  course  is  a  close 
approach  to  a  straight  line.  This  system  is  not 
used  with  any  of  our  guided  missile  systems  at 
present,  it  operates  on  the  lor  an  principle, 

with  a  r< master”  and  a  -'slave'-  station  sending 
3’adio  signal  a  to  fix  the  location  of  the  target. 


PURSUIT  CURVE,— Some  homing  missiles, 
and  some  beam  riders,  follow  a  pursuit  curve. 
At  any  given  instant,  the  course  or  the  mis¬ 
sile  is  directly  inward  It  he  target.  If  missile 
and  target  are  approaching  head-on,  or  if  the 
missile  is  engaged  in  a  tail  chase,  the  pursuit 
curve  may  be  a  straight  line  unless  the  target 
changes  course.  But  a  missile  that  pursues  a 


crossing  target  must 


a  curved  trajec- 


tory . 


As  the  missile  approaches  a  crossing 


target,  the  target  bearing  rate  increases,  and 
the  curvature  of  the  missile  course  increases 

correspondingly.  In  some  cases  the  extreme 
curvature  of  the  pursuit  course  may  he  tod 

sharp  for  the  missile  to  follow. 

LEAD  ANGLE  COURSE*— Some  homing  mis¬ 


siles  follow  a  modified  pursuit  course 
deflection  of  the  missile  control  sur 


The 


is 


made  proportional  to  the  target  bearing  rate. 

The  missile  flies  not  toward  the  target,  but 
toward  a  point  in  front  of  it,  The  missile  thus 
develops  a  lead  angle,  and  the  curvature  of  its 
course  is  decreased. 


A  further  refinement  is  possible  if  a  com¬ 
puter,  either  in  the  missile  or  at  a  control 
station,  can  use  known  information  about  the 
missile  and  target  to  calculate  a  point  of  inter¬ 
cept  which  missile  and  target  will  reach  at  the 
same  instant.  Because  the  missile  is  guided 
directly  toward  the  point:  of  intercept,  its  tra¬ 
jectory  is  a  straight  line.  If  the  target  changes 
course  during  the  missile  flight,  a  new  point 


of  intercept  will  be  calculated,  and  the  missile 
course  will  be  turned  Ljward  the  new  point  of 


intercept* 

BEAM-RIDER  TRAJECTORY  .-As  we  will 
explain  in  a  later  chapter,  a  beam- rider. missile 
may  follow  either  i pursuit  curve  or  ft  lead- angle 
course  *  depending  on  the  type  of  system  used. 


t  LA T  TRA J E C TOR Y .—An  Rite r media te 


ra nff e  o  1  1 


to  the 


.range  air -breathing  missile  is 
made  tn  : limb  as  Quickly  as  possible 

at  which  its  propulsion  plant 


operates  most  efficiently— somewhere  between 
/  \f*.M  'id  P-Loro  f-TT.  Alter  raa r liing  this 

altitude  the  missile  flies  a  flat  trajectory  to  the 
target  area.,  The  missile  is  made  to  climb 
steeply  to  a  desired  altitude,  level  off,  fly  a  flat 
trajectory  to  the  target  areSj  then  dive  straight 


do  W]  i . 


BALLISTIC  TRAJECTORY* -Polar  is  is 


launched  vertically,  90  that  it  can  get  through 

Use  densest  part  of  the  atmosphere  as  soon  as 
possible*  At  a  certain  altitude,  which  may  be 
controlled  by  either  preset  or  command  guid¬ 
ance,  the  missile  turns  to  a  more  gradual 
climb,  After  burnout,  or  shutdown  of  the  pro¬ 
pulsion  system  by  radio  command,  the  missile 
''coasts'1  along  a  ballistic  trajectory  to  the 
target. 


From  launch  to  warhead  detonation,  lon^ 

range  ballistic  missiles  follow  a  trajectory 

approximating  th.ni-  shown  -,n  figure  3-24,  sepa¬ 
rating  into  three  flight  stages.  Miss  ilea  that  are 
launched  vertically  travel  only  a  comparatively 
short  distance  before  turning  to  a  slant  angle* 
If  launched  from  under  water,  as  the  Polaris, 
mo  si  of  the  vertical  part  of  its  flight  path  is 
underwater.  Powered  flight  continues  until  file 
end  of  the  second  stage,  when  ballistic  flight 
begins,  The  distance  tn  the  target  determines 
the  point  at  which  it  is  necessary  for  the  missile 
to  go  Unto  the  ballistic  curve  that  w-ll  bring  it 
down  on  the  target.  Computations  are  made  by 

ml s sil e  sy stem  c o mput g r s before  m l ssil e  fir i ng * 

COMBINATION  TRAJECTORY . -A  special 
case  is  the  trajectory  oi  tlve  Asroc  weapon  (fig. 
2-25}.  It  is  fi ren  from  n  launcher  or.  a  surface 


ship  and  is  boosted  into  the  sir  by  rocket  thrust 
(phase  1).  After  burnout  of  the  rocket  it  goes 
through  the  air  in  &  ballistic  trajectory  phase 
2}  until  it  strikes  the  water  surface.  It  falls 
straight  down  through  the  wate r  f or  a  sho rt  time. 
Then  it  begins  hunting  for  the  target  (phase  3), 
and  homes  on  it  (phase  4J  when  it  has  been 


located. 
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The  Sub  roc  missile  also  follows  a  combina¬ 
tion  trajectory  through  air  and  water,  but  it  is 

launched  from  submerged  submarines. 

PROPORTIONAL  NAVIGATION  COURSE. - 
Proportional  navigation  is  a  homing:  guidance 
technique  in  which  the  missile  turn  rate  is  di¬ 
rectly  proportional  to  the  turn  rate  in  space  of 

the  line  of  sight.  The  seeker  traces  the  target 
Semi- independently  from  the  missile  maneu¬ 
vers*  Lead  angles  and  navigation  ratios  (N  i can 
usually  bo  chosen  so  that  the  missile  acceleration 
witL  exceed  the  target  acceleration  only  slightly . 

FACTORS  AFFECTING 
MISSILE  TRAJECTORY 


The  principal  factors  affecting  a  missile's 
trajectory  are,  of  course,  the  design  of  the 
missile  and  its  guidance  system,  which  ire  mar. 
made.  Natural  external  forces  affecting  the 
trajectory  include  wind,  gravity,  magnetic 
forces,  and  the  Coriolis  effect*  In  the  use  of 
any  long-range  missile*  all  of  these  must  be 
taken  into  account. 

WIND.— All  missiles  fly  through  the  atmos¬ 
phere,  either  during  their  entire  Right  or  at  the 


beginning  and  end  of  it.  They  are  therefore 
liable  to  be  pushed  off  the  desired  course  by 
the  force  of  the  ’Wind*  The  magnitude  and 


direction  of  the  prevailing  winds  at  various 

on  the  earth  are  well  known.  But  the 


prevailing  winds  arc  much  modified  by  a  num 
ber  of  factors  such  as  local 
thermal  updrafts  due  to  local  heating  of  the 
earth's  surface,  the  distribution  of  high- 


pressure  and  low-pressure  Air  masses,  and 
storms  and  their  associated  turbulence.  All 
of  these  factors  can  be  predicted  to  some  ex¬ 


tent, 


but  the  reliability  of  the 


decreases  with  both  time  and  distance.  For 


t  h  a  t 


reason,  air-breathing 


missiles  must  be 


provided  with  means  for  correcting  any  devia¬ 
tion  in  course  that  might  result  from  un¬ 
predicted  winds.  A  ballistic  missile  may  be 


subject  to  correct  ion  as  it  rises  through  the 
atmosphere-  But  it  descends  on  its  target 
such  a  speed  tha:  the  effect,  of  wind  is  unlikely 
to  produce  a  serious  error* 


GRAVITY A  long- range  missile  using  a 
na v  i ga  t  i-:>na  1  guidanc e  sy  st  e m  may  us e  th e  di rec- 
tion  of  the  center  of  the  ear'll  as  a  reference. 
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pHASE  ' 


launcher 


PHASE  3 


HASE  4 


1 5.115 

Figure  2-  £5,—  Trajectory  of  an  As  roc  missile. 


It  does  so  by  using  a  pendulum,,  plumb  bob,  or 


The  CORIOLIS  FORCE  must  also  be  com- 


snmo  similar  device,  to  measure  the  direction*)#  pensated  for*  It  is  caused  by  the  earth's 
the  gravitational  force.  The  measuring  devire  rotation,  and  tends  to  deflect  a  "missile  to  the 
is  acted  on  by  two  forces:  gravity,  which  tends  right  in  the  northern  hemisphere,  and  to  the 
to  pull  it  toward  the  center  of  the  earth:  and  left  in  the  southern  hemisphere.  As  the  earth 


centrifugal  force,  caused  by  the  earth's  rota¬ 
tion,  acting  at  a  right  angle  io  the  earth's  axis. 
The  direction  indicated  by  the  measuring;  device 
is  that  of  apparent  gravity -the  resultant  of  the 
two  forces*  The  motion  of  the  missile  itself 
will  create  additional  forces  that  tend  to  disturb 

the  gravity- measuring  device*  Any  missile 

guidance  system  that  uses  a  gravitational  refer- 


turns  on  its  axis,  its  surface  moves  toward  the 
east  at  a  rate  determined  by  latitude.  At  the 
Equator,  the  earth's  surface  is  moving  to  the 

mph;  at 


with  a  speed  of  more  than 
the  poles,  its  speed  is  zero. 

Assume  that  a  missile  is  launched  directly 
northward  in  the  northern  hemisphere.  At  the 
instant  of  Launching,  it  will  be  moving  to  the 

ence  must  compensate  for  these  disturbing  east  at  the  same  rate  as  the  surface  from  which 


fore  t.  $ . 


MAGNETIC  FORCES*— Some  missiles  mav 


it  is  launched.  But  as  it  moves  northward,  it 
flies  over  points  whose  eastward  velocity  is 


use  the  strength  or  the  direction  of  the  earth's  less  than  its  own.  Asa  result  it  will  be  deflec- 


magnetie  field  as  a  reference  for  navigation. 


ted  eastward,  or  toward  the  right.  Now  imagine 


Both  strength  and  direction  of  the  field  vary  a  missile  fired,  southward  in  the  northern 

from  point  to  point  on  the  earth.  T ti  general,  hemisphere.  It  will  fly  over  points  whose 

these  variations  have  been  measured  and  plotted*  eastward  velocity  is  greater  than  its  own.  It 


But  at  any  given  point  on  the  earth,  the  magnetic  will  therefore  be  deflected  westward  (still 


field  is 


to  annual, 


and  even  to  the 


daily  variations,  It  is  subject  to  nonperiodic 
variations  m  "'magnetic  storms"  chat  result 
from  bursts  of  ions  or  electrons  radiated  from 

the 


with  respect  to  the  surface. 


sun.  Most  of  these  variations  are  predict- 


The  amount  of  deviation  produced  by  the 
coriolis  force  depends  on  the  latitude,  length, 
and  direction  of  the  missile  flight,  Since  it 
can  be  accurately  predicted,  suitable  correc 


able  with  reasonable  accuracy,  and  can  be  taken  tions  can  be  made  by  the  missile  guidance 

Into  account  in  the  missile  guidance  system. 
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CHAPTER  3 


COMPONENTS  OF  GUIDED  MISSILES 


INTRODUCTION 


GENERAL 


This  chapter  if-  intended  to  provide  an  ove 


Figure  3-1  shows  some  typical  locations  of 
components.  The  arrangement  of  the  com¬ 
ponents  is  not  the  same  for  all  missiles, 
modern  missiles  arc  made  Lip  of  a  missile  ‘As¬ 
sembly  >wttn  all  its  components),  and  a  booster  , 
the  whole  being  called  .1  complete  round.  Tartar 


all  view  of  a  guided  missile  and  its  various  missile  is  an  exc 

components.  Most  of  the  material  m  this  separate  booster, 

chapter  is  covered  in  more  detail  elsewhere 


ion  -  - 


not  have  a 


AUXILIARY  POWER  SUPPLY.  All  missiles 
in  this  text.  Airframes  and  control  surfaces,  must  contain  auxiliary  power  supply  [APS)  sys- 

for  example,  were  treated  in  chapter  2.  Pro-  terns  in  addition  to  the  main  engine  required  for 
pulsion  systems,  control  systems,  and  guidance  thrust.  The  APS  systems  provide  a  source  of 

Systems  are  each  given  one  or  more  separate  power  for  the  many  devices  needed  for  success- 


ctia pter  s .  Thei  r  p  r Inc  ipal  f  eatur  e  s  will  b  e  br  i  ef  1  v 


ful  missile  flight. 


Some  APS  systems  rely  on 


summarized  here.  Warheads,  (except  nuclear)  the  main  combustion  chamber  as  the  initial 

which  are  not  covered  elsewhere  in  this  text,  source  of  energy;  others  have  their  own  energy 
will  be  treated  In  some  detail.  sources  comp  lately  separate  from  the  main 

The  principal  components  of  a  guided  missile  propulsion  unit. 


are: 


WARHEAD.— The  warhead  may  be  designed 
to  inflict  any  of  several  possible  kinds  of  dam¬ 
age  on  the  enemy,  The  warhead  is  the  reason 

missile  exists;  the  other  components  GENERAL 


AIRFRAME 


are  intended  merely  to  ensure  that  the  warhead 

will  reach  its  ■destination.  The  term  AIRFRAME  has  the  Same  meaning 

AIRFRAME.— TEie  airframe  is  the  physical  for  guided  missiles  as  ithas  for  the  conventional 

structure  that  carries  the  wa  rhead  to  the  target ,  airplane.  It  serves  as  a  vehicle  to  carryall 

and  contains  the  propulsion,  guidance,  and  con-  the  other  parts  of  the  missile,  and  it  provides 

trol  systems.  the  aerodynamic  characteristics  required  for 

PROPULSION  SYSTEM.— This  system  pro-  successful  flight.  Research  jr  airframes  is  a 
vitles  the  energy  required  to  move  the  missile  major  part  of  our  missile  development  effort. 


from  the  launche  r  to  the  target. 


Since  the  guided  missile  is  essentially  a 


CONTROL  SYSTEM.— The  control  system  one -shot  weapon,  its  structure  can  be  simpler 


has  two  functions 


It 


the  missile  in  than,  that  of  a  conventional  aircraft.  Missile 


stable  flight,  and  it  translates  the  commands  bodies  are-  designed  so  that  inner  components 
of  the  guidance  system  into  motion  of  the  con-  are  readily  available  for  testing,  removal,  and 
troi  surfaces,  or  into  some  other  means  for  repair.  The  major  components  are  mounted  to 


modifying  the  missile  trajectory. 

GUIDANCE  SYSTEM*— This  system  deler- 


form  independent  units. 

Most  modern  missiles  are  made  up  of  several 


mines  whether  the  missile  is  on  the  ordered  sections  [fig.  3-2).  (Older  mods  do  not  have  this 

trajectory  of  the  ordered  velocity.  If  the  missile  construction.)  Each  section  is  a  cylindrical 
is  off  course,  the  guidance  system  sends  error  shell  machined  from  metal  tubing  rather  than  a 


signals  to  the  control  system. 


structure  with  Internal  bracing.  Each 
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Figure  3- 3 -—Location  of  components  in  guided  missiles: 

A.  Talos  missile;  B.  Active  homine  missile. 


Figure  3-. 2— Sectional ization  of  a  missile. 


144.13 


shell  contains  one  of  the  essential  unttsor  com¬ 
ponents  of  the  missile,  such  as  the  propulsion 
system,  the  electronic  control  equipment,  the 
warhead,  or  the  fuse  assembly. 

Secti ona  1  i z ed  construction  has  the  advantage 
of  strength  with  simplicity,  and  also  provides 

ease  in  replacement  and  repair  of  the  compo¬ 
nents,  since  (he  shells  are  removable  as  separate 
units,  The  sections  are  joined  by  various  types 
of  Connections  designed  for  simplicity  of  ope  ra¬ 
tion.  Access  ports  arc  sometimes  provided  in 

the  shells,  through  which  adjustments  can  be 


made  prior  to  launching.  Cover?;  and  access 
doors  are  sealed  to  prevent  moisture  and  dirt 
from  entering  the  missile. 

Basically,  the  missile  Is  designed  to  Carry 
the  warhead  to  the  targe:.  The  size  and  weight 

of  the  warhead  must  be  accommodated  by  the 
missile  structure.  The  missile  must  be  a  slight 
and  compact  as  possible,  yel  strong  enough  to 

Carry  the  warhead  (and  Other  components),  and 
withstand  the  forces  to  which  It  will  be  subjected, 
such  as  gravity,  air  (or  water)  pressure,  winds, 
heat,  stresses  of  acceleration  and  deceleration. 


5  2 


Chapter  3 -COMPONENTS  OF  GUIDED  MISSILES 


and  other  forces.  For  every  pound  uf  weight 


The  nose  of  Talus  contains  the  air  intake 


saved  in  the  missile  structure,  less  prop  u  Is  ion  for  the  ramjet  engine. 


energy  is  required.  The  weight  and  balance 


Tains  is,  in  effect,  a  double -walled  tube.  Its 


the 

that  will  perform  as  expected. 


BODY  CONFIGURATION 


relationships  must  he  given  careM  considera-  central  pan  is  taken  up  by  the  ramjet  engine. 

Cion.  The  initial  location  of  the  center  of  gravity  All  of  its  other  components— warhead,  fuel  tanks. 

Is  of  extreme  importance-  The  center  of  gravity  guidance  and  control  systems— art  crowded 

can  change  during  missile  flight  because  of  the  within  the  space  between  the  Inner  and  outer 

burning  of  the  propellant,  and  separation  of  the  walls.  (In  cne  model,  one  uf  these  Components 

booster  after  burnout.  These  factors  and  others  is  carried  ins  Ldethe  central  diffuser  in  the  nose. ) 

rivUstbe  carefully  included  in  the  calculations  of  The  middle  part  of  Terrier  is  taken  up  by  a 

designers  to  produce  a  structure  chamber  filled  with  solid  rocket  propellant,  The 

warhead,  fuze,  and  the  major  part  of  the  quittance 
and  control  systems,  are  located  forward  of  the 
fuel  chamber.  But  a  part  of  the  guidance  and 
control  ay  stem  is  located  in  the  double- walled 
cylinder  that  surrounds  the  exhaust  duct  at  the 
The  Navy  missiles  described  and  illustrated  after  end  of  the  missile.  Electric  Cables  and 

in  chapter  1  show  the  range  of  body  configuration  pneumatic  lines  to  maintain  communication 

found  in  operational  missiles.  In  general.  the  between  the  two  parts  of  the  guidance  system 

design  Of  the  airframe  is  determined  by  per-  pass  through  covered  charnels  along  the  out- 

formance  requirements.  Earlytypesof  missiles  side  of  the  missile. 

were  strikingly  similar  in  appearance  to  a  Jet  Polaris,  pictured  in  chapter  1,  represents 
fighter  of  similar  performance,  in  the  high  sub-  still  a  third  type  of  missile  body  configuration, 

sonic  speed  range.  The  wings,  like  those  of  Note-  that  there  are  no  external  control  sur- 

carrier  aircraft,  could  be  folded.  Before  launch-  faces:  any  necessary  changes  in  trajectory1  are 

ing,  the  wmgs  were  extended  and  locked  in  place,  accomplished  by  jet  deflection.  Note  also  that 

Most  modern  missiles  have  wings  that  are  the  nose  Is  bluntly  rounded.  Its  trajectory  ( fig. 

folded  (Tartar)  or  removed  (Terrier,  T.ilos)  2-  24  )  takes  it  far  beyond  theca  rthTsatmosphH-e; 

when  e  to  wed ,  bur  the  size,  shape,  and  location  It  descends  on  its  target  at  a  sleep  angle,  and  at 

of  the  wings  and  fins  have  undergone  extensive  tremendous  speed.  As  it  re-enters  the  atmos- 

dianges  for  use  at  supersonic  speeds,  Newest  phere,  friction  with  the  air  generates  a  great 

mods  of  Tartar  Tig.  2-10}  and  Terrier  have  deal  of  heat.  The  Polaris  nose  cone  shape  and 


dorsal  fibs. 


Construction  ha v t  been  determined  by  the  ro- 


Torner,  Sidewinder,  and  Tales  are  typical  quirements  of  this  problem.  The  materials  for 

of  present  day  airframes.  In  general,  the  air-  the-  outer  surface  have  been  especially  developed 

frame  is  a  long,  slender  cylinder  without  wings,  to  resist  high  temperature.  Suitable  insulation 

Its  tail  fins  provide  weathercock  stability.  A  is  provided  between  the  outer  skin  of  the  nose 

second  set  of  fins,  mounted  near  the  center  of  cone  and  the  internal  components,  to  prevent 

the  missile  or  forward  of  the  center,  provide  damage  to  the  warhead.  Advances  In  technology 

additional  stability.  Control  of  the  missile  1a  have  permitted  changing  from  the  blunt  nose  of 


accomplished  by  pivoting  one  or  more  pairs  of  earlier  mods  to  the  pointed  nose  of  the  A3 


fins,  rather  than  by  rhe  use  oi  conventional 


The  two  configurations  of  As  roc 


ailerons,  rudders,  and  elevators.  Not*  that,  as  submarine  rocked  is  not  a  glided  missile)  differ 


in  Terrier,  the  forward  fins  may  be  mounted  at 
45f  angles  to  the  horizontal  and  vertical. 


in  size  but  each  has  four  major  assemblies:  pay- 
load  (warhead},  airframe,  ignition  and  separation 
assembly,  and  rocket  motor.  During  thcbnllis- 
The  nose  shape  is  determined  by  other  re-  tic  flight  (fig.  2-2d)  of  the  missile,  the  rocket 
requirements.  Ttie  Terrier  nose  (not  all  mods)  motor  drops  away  when  the  required  velocity  is 
Is  long  and  slender, because  that  shape  has  been  reached,  and  the  airframe  drops  away  near  the 
found  higlily  efficient  at  supersonic  speeds.  Side-  end  of  ballistic  flight,  freeing  the  warhead  to 

continue  to  target  intercept.  The  torpedo  con¬ 
figuration  has  n  parachute  which  opens  after  the 
necessary  because  of  the  infrared  seeking  rorket  motor  and  the  airframe  have  dropped^  way 
device  located  immediately  behind  the  nose  and  carries  it  to  water  entry.  Both  torpedo  and 
surface,  depth  charge  configurations  have  a  nose  cone 


winder,  although  it  travels  at  a 
speed,  has  n  hemispherical  target.  This 
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streamlined  for  aerodynamic  flight  but  which 
shatters  upon  water  entry.  The  depth  charge  has 

fill  extension  tips  on  the  fail  fins.  The  extension 
tips  are  sheared  off  upon  wafer  entry.  The  fin 
extension  tips  provide  a e rodyna mi c  stability  to 

the  depth  charge  from  the  time  of  airframe  sep¬ 
aration  until  water  entry*  Two  of  the  fins  are 
plain  fins  and  two  are  tee  fins* 

Because  of  the  underwater -to- air- to- water 
operational  cycle  of  Subroc,  its  design  had  to 
include  the  hydrodynamic  qualities  of  a  torpedo 
and  aerodynamic  characteristics  of  a  missile-. 

In  size  and  shape-  it  had  to  be  made  to  fit  a 
standard  submarine  torpedo  tube,  from  which  it 
is  fired. 


PROPULSION  SYSTEMS 


GENERAL 


Because  chapter  4  is  devoted  to  propulsion 
system s,  they  will  be  covered  very  briefly  here. 

The  powerplants  of  guided  missiles  have  been 

referred  to  as  "reaction  engines. *  But  strictly 
s p eak i r*g ,  . i n y  c ngine  d e s ign ed  to  propel  a  vehicle 

ip  a  reaction  engine.  All  of  them  operate  in 

accordance  with  Newton's  third  law,  which  stares 

that  for  every  action  there  is  an  equal  and  op¬ 
posite  reaction.  For  example,  the  forceihatthe 

tires  of  a  car  apply  to  the  road  is  opposed  by  an 
equal  and  opposite  force  and  it  is  this  reaction 
that  drives  the  car  forward.  A  propeller- driven 
aircraft  operates  by  increasing  the  momentum 


of  the  air;  the 


reaction  is  applied  to 


the  propeller  and  its  shaft,  and,  through  a  thrust 
bearing,  to  the  airframe.  As  we  have  pointed  out 

earlier,  speed  requirements  make  it  impossible 

to  use  propeller-driven  missiles.  Because  the 
speed  of  the  propeller  Up  exceeds  the  speed  of 
the  airframe,  the  propeller  tip  enters  the  tran¬ 
sonic  zone  while  the  aircraft  speed  is  consider¬ 
ably  below  hie  speed  of  sound.  In  the  transonic 
zone,  the  thrust  developed  by  the  propeller  drops 
off  rapidly,  and  a  further  increase  in  aircraft 

speed  becomes  impracticable.  Therefore,  all 

Current  guided  missiles  depend  on  some  form  of 
Jet  propulsion. 


TYPES  OF  JET  PROPULSION  SYSTEMS 


Popular  terminology  makes  a  distinction 
between  jets  and  rockets:  a  jet  takes  in  air 

from  the  atmosphere,  and  propels  kt sell  forward 
by  Inc  reasing  the  momentum  cf  the  air;  a  rocket 


needs  no  outside  air  supply,  since  it  carries  its 

own  source  of  oxygen.  But  this  is  a  rather  arbi¬ 
trary  distinction.  Both  types  of  engines  operate  by 
expelling  a  stream  of  gat  at  high  speed  from  a 
nozzle  at  the  after  end  Of  the  vehicle-  For  OUr 

purposes,  a  rocket  can  be  considered  as  a  type  of 

jet  engine. 

The  pulsejet,  which  propelled  the  German 
V-lj,  was  used  by  the  Navy  to  propel  an  early 
missile  that  is  now  obsolete.  No  current 


Biles  are  driven  by  pulsejcts*  Talos  Is  propelled 
by  a  ramjet*  The  Navy  used  turbojets  for  its 
Regulus  I  and  II,  and  for  the  now  obsolete 
Petrel,  Terrier,  Sidewinder,  and  Polaris  are 

propelled  by  sc  lid -fuel  rockets*  Tartar,  too, 
has  a  sal  id- propellant  racket  motor,  though  it  i  s 
different  from  the  others— it  is  s,  dual-thrust 
rocket  motor  fDTSM),  which  develops  both 
booster  and  su siainer  thrust,  eliminating  the 
need  for  a  separate  booster  and  sustainer  for 

the  missile. 


C  ur r ent  dev  elup  m e nt  s  app  ea  r  to  Inch  cat  e  tlia  t, 
until  the  advent  of  nuclear  propulsion,  most  if 
hot  all  of  Our  future  missiles  Will  be  powered 
by  so  ltd- fuel  rockets.  Research  on  nuclear 

propulsion  engines  is  being  conducted  for  use  in 
Spacecraft  as  well  as  in  missilc-a. 

Although  liquid- fuel  propulsion  has  been  con¬ 
sidered  too  complicated  for  use  in  missiles,  a 
prepackaged  and  sealed  liquid-fuel  engine  die* 

v eloped  for  the  Bullpup  a ir-tg- surface  missile 
has  been  highly  successful  in  tests.  For  this 

application,  liquid -fuel  propellant  and  a  prop  cl  - 

lant  pressurising  medium  are  permanently 
sealed  tn  a  tank  which  is  integral  with  the  rocket 

thrust  chamber*  An  outstanding  feature  of  this 
engine  is  that  it  requires  no  shipboard  tests  or 
Checkoff  prior  to  mounting  On  The  aircraft  nor 
before  launching. 

The  It  quid- fuel  rocket  is  used  in  the  Air 
Force  Titan,  and  in  that  application  it  has  certain 

advantages.  Liquid  fuel  provides  more  energy 
than  an  equivalent  weight  of  solid  fuel,  and  can 
maintain  a  high  thrust  for  a  relatively  longtime, 
A  liquid- fuel  propulsion  system  can  be  shut  down 
by  radio  command  at  any  desired  instant, 

whereas  a  solid-fuel  system  presents  complica¬ 
tions.  although  shut-down  and  restart  have  been 


accomplished  in  experimental  models* 


The 


liquid- fuel  rocket  mug!  have  a  rather  complex 
system  of  fuel  and  oxidizer  lines  and  pump  a,  and 

it  requires  relatively  elaborate  equipment  at  the 

launching  site.  At  present,  a  large  missile 

propelled  by  a,  liquid-fuel  rocket  requires  a 
lsngthy  "  countdown* 9  before  firing.  The  last  two 
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JiC  tors  make  the  1  icu  Id-  fuel  ro  c:  ket  imp  rac  tic  able  nil  5  sile  s  preae  nt  a  3  am  e  wl  djlfe  r  ©nt  prob  1  em 


far  &hip- launched  missiles 


The  effective  radius  of  damage  from  a  high- 


The  liquid- fueled  Atlas*  developed  by  the  Air  explosive  warhead  in  the  air  depends  on  the 
Force  as  an  ICBM,  is  being  phased  out  for  type,  shape,  arid  size  of  the  charge,  and  on  the 
missile  use  and  is  being  changed  for  space  craft  nature  of  the  target  itself, 

use.  It,  too,  require®  a  long  countdown,  which 


reduces  its  value  as  a  deterrent  missile. 


WA RH  E A DS 


The  designer  of  the  payload  for  any  type  of 
military  weapon  is  faced  with  a  number  of 
variables,  some  of  which  are  unpredictable. 

For  example,  In  the  design  of  an  antiaircraft 
mis  bile,  he  must  consider  die  following  factor  a  2 


GENERAL 


1*  Altitude  affects  the  lethal  radius  of  a 
fragmentation  warhead;  the  fragments  main- 


The  warhead  is  the  reason-for-being  of  any  lain  a  lechal  velocity  through  a  greater  distance 
service  guided  missile;  it  may  contain  any  of  at  high  altitudes. 


a  large  number  of  destructive  agents.  This 


2.  The  relative  velocity  of  target  and  mts- 


varsalility  must  not  be  confused  with  inter-  Site  has  a  direct  bearing  on  the  optimum  angle 
changeability,  because  the  design  of  the  mis-  of  ejection  of  fragments.  The  designer  must 
site  and  warhead  must  be  thoroughly  integrated,  determine  the  angle  at  which  she  greatest  mass 


The  guided  missile  fuze  may  be  defined  as  of  fragments  should 


ejected.  The  timing 


that  device  which  causes  the  warhead  to  detonate  sequence  Of  fuze  operation,  as  well  as  the 
in  such  a  position  that  maximum  damage  will  be  guidance  system  of  the  missile,  must  function 

with  great  precision  if  the  target  is  to  be 
destroyed.  The  fuze  must  be  both  sensitive 


inflicted  on  an  a v e rag e  ta r g  et ,  A  fu£c  may  b e 
any  of  several  types,  such  as  impact,  time,  or 


proximity 


and  last  to  ensure  success  against  high-speed 


Guided  missiles  are  precision -built  weapons;  aircraft  or  supersonic  missiles. 


they  are  expensive- in  manpower,  materials,  and 


3.  The  armor  of  the  target,  if  any,  influ - 


money.  The  most  accurate  control  and  guidance  ercces  the  design  specifications  lor  fragment 

systems  wilt  be  of  little  value  if  the  'warhead  size  and  velocity.  Fragments  that  are  effective 

cannot  produce  enough,  lethal  effect  at  the  right  against  conventional  aircraft  of  today  may 

time  to  destroy  or  at  least  cripple  the  target,  be  too  light  or  too  slow  to  penetrate  the  protec- 

The  warhead  problem  must  be  solved  for  each  tive  covering  of  the  airplanes  or  missiLes  of  the 

type  of  missile,  to  permit  final  crysSalizatiOn Of  future* 


any  integrated  missile  plan. 


The  multiplicity  of  types  of  ground  targets 


The  ultimate  aims  and  desires  ot  weapon-  has  led  to  the  development  of  numerous  types 

makers  have  always  been  to  strengthen  the  of  lethal  devices  —  from  hind  grenades  to hy dr 0- 


"'arm*  of  the  user.  The  rock  in  the  hand  of  gen  bombs.  A  500-pound  bomb  may  be  armor- 
primitive  man  added  strength  and  distance  to  piercing,  semi- armor -piercing,  or  g  ene  ral- 
the  blows  that  he  could  deliver;  the  bow  and  purpose,  li  maybe  equipped  wsth  an  impact  fuze, 

arrow  greatly  multiplied  man1  $  effective  striking  a  time  fuze,  a  proximity  fuze,  or  a  combination 

distance;  and  the  rifle  and  cannon  have  pregres-  ol  these  types. 


sively  increased  the  strength  and  range  of  his 


type  of  target  is  the  most  influential 


striking  power.  Guided  missiles  are  a  new  factor  in  warhead  design.  A  fragmentation-type 

means  for  lengthening  the  arm  of  the  user.  Bui  warhead  might  be  effective  against  conventional 

the  striking  effect  depends  cm  thti  nature  of  the  aircraft,  or  against  missiles  of  moderate  speed. 

warhead  and  on  how  accurately  it  can  be  delivered  But  a  missile  intended  for  use  against  a  whole 

to  the  intended  target.  The  warhead  of  a  guided  fleet  of  attacking  bombers,  a  city,  or  against  a 

missile  is  its  payload,  and  justification  for  high-speed  ballistic  missile,  would  require-  an 

employment  of  the  missile  lies  in  its  ability  to  entirely  different  type  of  warhead.  Because  of 


deliver  its  pay  load  to  the  target. 


the  wide  variety  in  types  of  surface  targets,  it 


A  guided  missile  may  carry  one  of  the  var-  is  necessary  to  have  missiles  that  can  use  ser¬ 
ious  types  of  warheads,  and  one  or  more  fuses,  oral  types  of  warheads  interchangeably,  or  to 
Missile  warheads  intended  for  use  against  ships  develop  a  whole  family  of  missiles. 


or  land  targets  present  design  problems  similar 


The  third  component  of  the  warhead,  the 


to  those  of  older  weapons.  Surface-to-air  safety  and  arming  device  (S&A)j  is  of  critical 
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importance  with  nuclear  warheads.  The  s&A 
device  must  prevent  accidental  detonation  and 
must  initiate  detonation  at  the  moment  desired. 
In  nuclear  warheads  there  are  several  devices 
to  prevent  accidental  jr  premature  detonation. 


The  damage  produced  by  a  fragmentation 
warhead  depends  (in  part?  onthc  amount  of  metal 
available  to  form  fragments,  and  an  the  amount 
of  explosive  available  for  breaking  the  casing 
and  propelling  the  fragments.  Aerial  targets 

are  more  susceptible  TO  damage  by  fragments 
if  the  warhead  explodes  a  short  distance  away, 
rather  than  in  contact  with  the  target.  Against 
a  partially  protected  .surface  target,  a  frag¬ 
mentation  warhead  is  most  effective  when  ex¬ 
ploded  in  the  air  above  the  target,  rather  tlnn 

on  the  ground,  Figure  3-4  shows  this  effect. 
Fragments  from  the  air  burst  strike  the  partially 
protected  target,  and  the  entrenched  personnel, 
A  fragmentation  warhead  can  have  a  greater 

miss  distance  than  a  blast  warhead  and  still 

remain  effective.  The  pattern  of  fragmentation 

also  makes  a  difference  In  effectiveness,  as 


TYPES  OF  WARHEADS 


The  types  of  warheads  that  might  be  used  with 

guided  missiles  include;  external  blast,  frag¬ 
mentation,  shaped -charge,  explosive -pel  let, 
chemical,  biological,  nuclear,  continuous  rod. 

Clustered,  thermal,  illuminating,  psychological, 

exorcise,  and  dummy,  Those  that  are  intended 

for  use  against  an  enemy  are  not  true  warheads 

within  the  definition  of  warhead,  ana  are  usually 

referred  to  as  heads,  such  as  exercise  heads* 

i1 

Some  types  of  warheads  will  be  discussed  in  a 

classified  course,  Navy  Missile  Systems,  Nav- 
Pera  10785- A. 

BLAST- EFFECT  WARHEAD,  The  blast 
effect  warhead  consists  of  a  quantity  of  high- 
eSplosive  material  in  a  metallic  Case.  The 
force  of  the  explosion  sets  up  a  pressure  wave 
in  the  air  nr  other  surrounding  medium;  the 
pressure  wave  causes  damage  to  the  target. 
This  type  of  warhead  is  most  effective  against 
under ^ter  targets,  because  water  is  incom¬ 
pressible,  and  relatively  dense.  Tornedo  war 

— 

heads  arc  of  This  type,  Blast -effect  warheads 

have  been  used  successfully  against  small 

ground  targets.  They  are  considerably  less 

effective  against  aerial  targets  because  the 

density  of  the  air*  and  therefore  the  severity 
of  the  shock  wave,  decreases  with  altitude. 

FRAGMENTATION  WARHEAD*  The  frag¬ 
mentation  warhead  uses  the  force  of  a  high- 

explosive  charge  to  break  up  the  warhead 
casing  into  a  number  of  fragments,  and  to 
propel  them  with  enough  velocity  to  destroy  or 

da. mage  the  target.  The  size  and  velocity  of 

the  fragments*  and  the  pattern  in  which  they 

ar-^  dispersed,  can  be  controlled  by  variation 
in  the  design  and  construction  of  the  warhead. 
The  velocity  Of  thf  fragments  depends  On  the 
type  and  amount  of  explosive  used,  and  on  the 
ratio  of  explosive- to- fragment  weight.  The 
average  siae  uf  fragments  depends  on  the 
shape,  sizeT  and  brittleness  of  the  warhead 
easing,  and  on  the  quantity  and  type  of  explo¬ 
sive,  Greater  uniformity  in  fragment  size  can 

be  achieved  by  scoring  or  otherwise  weakening 

the  Casing  in  a  regular  pattern,  as  shown  In 

figure  3*3, 
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■  3-3.— Basic  construction  of  a 

fragmentation  warhead. 
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Effect  of  frag  mental  ion  warhead, 
on  surface  target* 
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does  The  velocity.  The  payload  can  bp  designed 
to  '"propagate11'  Its  energy  and  material  tn  all 

directions*  This  is  culled  isotropic  propaga¬ 
tion  (fig.  3-5B).  When  the  payload  is  designed 

so  tlud  more  fragments  or  energy  are  released 

in  one  direction  than  another,  the  propagation 
pattern  is  called  nonisotro pic  ffig,  3-5A).  It  is 
more  effective  them  an  isotropic  payload  of  the 

same  size  and  weight  if  you  know  where  to  aim 
ii.  This  directing  of  the  explosion,  is  the  basis 
of  the  shaped  charge  effectiveness.  A  large  part 
of  the  warhead’s  explosive  energy  is  directed 
to  the  target  in  a  narrow  beam. 

Advanced  Types  of  Fragmentation 
Warheads 


A  knowledge  of  fragmentation  propagation  is 
a  basic  requisite  in  designing  many  types  of 

warheads.  Theories  are  checked  out  with  the 
use  of  -Healed  models,  using  different  types  of 

explo siv es „  a nd  V a r i cd  missile- sh a pes  a nd cs sing 

thicknesses.  These  studies  have  resulted  in  the 

development  of  warhead  a  with  controlled  size, 

shape,  number,  a  nd  initial  velocity  of  fragments, 
The  initial  velocity  of  the  fragments  depends  oil 
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Figure  3-5,—  Payload  propagation; 

A,  'Nonisotrbpic;  B.  Isotropic, 
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Figure  3 - 6 C ont roil eti  fragmentation  warhead. 


the  cha  rge-to-mass  ratio  of  the  missile,  the  type 

of  explosive  used,  acid  the  shape of  the  fragment s. 

Tost  firings  have  substantiated  the  value  of  the 

controlled  designs.  One  type  of  controlled  frag  - 

mentation  warhead  is  shown  in  figure  3-®.  Var¬ 
ious  shapes  sot:  sizes  of  fragments  have  been 
tested  for  different  types  of  targets.  The  most 


effect  iv  e 


have  been  adapted  for  anmi? 


missile  warheads 


s 


Snap  ed- C  ha  rg  -  Wa  rh  ea  a 


A  shaped  charge  consists  of  a  easing  and  a 
quantity  of  high  explosive.  The  explosive  la  so 

shaped  i ha 6  the  force  of  the  blast  it  produces  is 

largely  concentrated  in  a  single  direction,  Asa 

result,  a  shaped  charge  hag  high  penetrating 

power.  It  is  widely  used  against  armored  sur¬ 
face  targets.  For  example,  the  antitank  baihoka 


used  during  World  War 

shaped  charge. 


and  in  Korea  used  a 


Figure  3-7  shows  how  the 


e  of  the 


charge  aifects  the  penetrating  ability  oi  the 

blast,  All  three  of  the  charges  shown  in  the 
figure  have  the  same  weight  and  type  Of  explo- 


s  iv  e 


The  flat  charge  at  the  loft 


reduces  an 


explosive  force  rather  evenly  distributed  over  a 
given  area  of  the  target;  this  charge  produces 

little  penetration.  The  sh  a  llo  w-  Cone  shape  of  the 

middle  charge  produces  a  greater  concentration 

of  the  explosive  force,  and  penetration  of  the 

target  is  deeper,  The  deep-cone  shape  at  the 
right  has  concentrated  the  explosive  force  so  as 

To  penetrate  the  target  armor.  Metallic  frag¬ 
ments  of  the  armor  Can  now  reach  the  Interior 
of  the  target,  and  do  additional  damage. 
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Figure  3-7,—  Penetration  effectiveness  of  various  shaped  charges  33^ 


In  the  explosion  of  a  shaped  chars e,  a  beam 

Of  very  hot  gag  (railed  the  j  et)  is  ejected  at  an 

extremely  high  velocity.  If  the  cavity  is  lined 
with  some  material  that  canbe  broken  into  small 

pieces  or  can  be  melted  by  the  explosion,  the 

efficiency  of  the  charge  is  greatly  inor eased, 

The  small  particles  of  the  liner  are  carried  by 
the  jet,  which  is  thus  increased  in  weight.  As  a 
result  it  can  penetrate  a  thick  target, 

When  used  in  guided  missile  warheads, 
shaped-charge  explosives  have  possibilities  of 
great  effective  ness  against  both,  aircraft  and 
heavily  armored  surface  targets, 

Explosive-Pellet  Warhead 


An  explosive- pellet  warhead  consists  of  a 
group  of  separately  fused  explosive  pellets 

housed  in  a  casing.  The  casing  contains  an 
additional  quantity  ol  explosive  to  eject  the 
pellets  from  the  main  warhead  casing.  The 

pellets  themselves  do  not  explode  until  they 
contact  or  penetrate  the  target,  if  the  target  is 
an  aircraft  or  missile,  maximum  destruction 
can  be  accomplished  when  the  pellets  are 
detonated  after  penetrating  the  outer  atm  of 
the  target.  Each  pellet  contributes  both  blast 

effect  and  high-velocity  metallic  fragments  when 
detonation  occurs. 


The  explosive -pellet  U  an  ideal  weapon  for 
use  against  aerial  targets.  Ics  full  development 

is  dependent  upon  perfecting  a  fu£e  for  the 


individuul  charges  that  can  withstand  the  initial 
blast  of  the  principal  warhead  while  still  ensur¬ 
ing  explosion  at  or  within  the  target.. 


Chemical  Warheads 


A  chemical  warhead  ts  designed  to  eject 
poisonous  or  corrosive  substances  and  thus 
produce  personnel  casualties,  or  to  destroy 
combustible  targets  by  the  use  of  incendiary 
materials.  Warheads  containing  gases  may 
liberate  any  of  the  well-known  types  such  as 

mustard  gas,  lewisite,  or  some  newly  developed 
c h emic al .  The  ef f eet s  p r oduc ed  are  eith e r  d eniai 
of  the  use  of  the  target  area  or  personnel 
casualties  within  the  area.  Missiles  equipped 
with  chemical  warheads  also  serve  a  a  possible 
count  ertti  reals  to  initiation  of  gas  warfare  by 
the  enemy.  It  is  likely  that  quantities  of 
poisonous  war  gages  arc  included  in  the  arsenal 
of  every  major  power,  and  the  possibility  of 

their  use  remains  a  Threat,  However,  the  cer¬ 
tainty  of  retaliation  in  kind  has  served  as  a 

deterrent  since  World  War  1. 


A  variety'  of  disabling  gasses  have  bean  devel¬ 
oped.  These  gases  temporarily  inactivate  mili¬ 
tary  and/or  civilian  personnel  by  a  variety  ol 
effects,  without  death  nr  permanent  disability. 
The  possibilities  of  these  agents  have  been  ex- 
ploredin  research  end  tests  and  some  have  been 


used  in  riot  situations. 

The  incendiary  warhead  contains  a  material 
that  burns  violently  and  is  difficult  to  extinguish. 
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Chemical  ‘-weapons  are  useful  principally  against 
s»  round  target  s ,  but  may  also  be  effective  against 
aerial  targets  that  contain  combustible  mate¬ 
rials*  Incendiary  materials  suitable  for  use  in 
warheads  include  magnesium,  jellied  oil  or 

gasoline,  and  phosphorous,  incendiary  warheads 
are  also  r  referred  to  a  a  thermal  or  fire  war¬ 
heads. 

Biological  Warheads 

A  biological  warhead  contains  bacteria  or 
other  living  organisms  capable  of  causing  sick- 
hess  or  death.  The  biological  agent  cm  be 


ness  or  death.  The  biological  agent  cm  be 
specifically  chosen  tor  use  against  personnel, 
1  tv  eat  ock,  a  r  cr  ops  ►  A  ntiper  sonn el  ag  ent  s  might 
be  chosen  to  cause  either  temporary  disability 
or  deathj  depending  on  the  objectives  of  the 
attacker.  An  explosive  charge  placed  in  a 

biological  warhead  would  ensure  ejection  and 

initial  dispersion  of  the  biological  agents.  Spe¬ 
cial  attention  must  be  given  to  the  design  and 
construction  of  biological  warheads,  in  order 
that  the  bacteria  or  other  agent  will  remain 
alive,  and  be  carried  to  the  target  under  the 


most  favorable  conditions. 

Probably  every  major  nation  has  art  arsenal 

of  biological  material  to  use  in  "germ  warfare" 

in  such  a  variety  of  ways  that  it  would  tax  the 

ini  agination  of  the  average  person,  Use  of  "germ 

warfare"  has  been  restrained,  as  in  tine  case  of 

chemical  warfare,  for  fear  of  retaliation  hi  kind. 

Other  Special  Purpose  Warheads 

Several  other  special  types  of  warheads m*y 
be  used.  These  include;  radiation,  illumination, 
psychological,  exercise,  and  dummy  warheads. 

RADIATION  warheads  may  use  radiological 
material  in  the  same  manner  as  chemical  or 

biolbglcal  Agents,  scattering  the  radioactive 


material  according  to 


The  possibilities 


and  ra  mill  cat  ions  of  this  type  of  warfare  will 

not  be  explored  further  here* 

ILLUMINATING  warheads  have  long  been 

used  in  projectiles  during  night  attacks  to  point 

out  or  silhouette  enemy  fortifications.  This  tins 

been  especially  useful  during  shore  bombard¬ 
ment.  Illuminating  warheads  are  also  used  la 
aircraft  bombs  and  rockets  to  assist  in  Hie 
attack  of  ground  targets  and  submarines,  No 
application  has  been  made  in  guided  missiles- 
PSYCHOLOGICAL  warheads  du  curt  carry 
lethal  or  destructive  agents,  but  carry  material 
designed  to  create  a  psychological  effect  cm  the 
enemy  rather  than  actual  physical  damage.  Pay- 
Loads  may  be  propaganda  leaflets,  mysterious 
objects  that  appear  dangerous,  Inert  or  dummy 


w& rl i cads-  Decoy  wa rh e id i* m ay  carry  window, J‘ 
which  causes  false  radar  echoes,  or  noise- 
makers  to  confuse  sonar  operators  of  ant j sub¬ 
marine  ships. 

A  DUMMY  warhead  has  only  the  outward 
appearance,  the  size,  shape,  and  weight  of  a 
real  warhead.  It  is  used  in  training  and  practice 
operations., 

EXERCI5E  or  training  warheads  do  not 
contain  any  explosive  material  but  otherwise 
contain  the  parts  of  a  real  warhead,  so  they  can 

be  assembled,  disassembled,  tested  for  elec¬ 
trical  continuity,  and  otherwise  u&ed  i  or  training 


The  ASROC  jRotfeet  Thrown  Torpedo)  uses  a 
torpedo  for  Us  warhead. 


Nuclear  and  Thermonuclear  Warheads 

A  number  of  present  day  guided  miss  lie  a 
are  equipped  with  ml  cl  cur  Or  thermonuclear 
warheads.  The  blast  effects  and  radiation 
effects  which  result  from  the  detonation  of  these 
warheads  cause  immediate  physical  damage  to 
a  la  i'g  e  ta  rg  et  a  re-1 ,  a  nd  sic  kn  e  sn  an  d  d  rath  t 0 

personnel  a  considerable  distance  from  the 


explosion, 


The  blast  effects  ar*.  of  course, 


many  liir.es  greater  than  those  effected  by  the 
detonation  oi  conventional  explosives.  After 

effects  Caused  by  the  settling  or  fallout  ur 
radioactive  material  can  result  in  sickness  and 
death  of  personnel  at  great  distances  from  the 
explosion,  depending  on  wind  and  other  atmos¬ 
pheric  conditions. 

The  development  of  tactical  nuclear  weapons 
with  varied  methods  of  delivery  makes  obsolete 
the  concept  that  nuclear  weapons  are  used  only 
to  devastate  whole  cities  or  metropolitan  areas* 
We  still  have  the  I  urge  bombs  and  missiles  to 
do  the  strategic.1  job,  hut  we  also  have  the  much 
smaller  weapons  to  gain  tactical  objectives* 


FUZES 

A  fuse  is  s  device  that  inlt Lat es  th e  explosion 
of  tht  warhead,  In  a  gulck  d  missile  the  fuz:;  may 
.: r  may  not  I  ■  ■■  physical  part  of  the  warhead. 
In  any  case,  it  is  essential  to  proper  warhead 
operation.  A  Large  variety  of  fuze  types  is 


operation.  A  Large  variety  of  fuze  types  is 
available.  The  fuze  type  for  a  givpn  application 
depends  >n  characteristics  of  the  target,  the 
missile,  and  the  warhead,  to  ensure  the  highest 
probability  of  lethal  damage  to  the  target,  ft* is e 

design  must  b'.  based  oh  the  location,  vulner¬ 
ability,  speed,  size,  and  physical  structure  ol 
the  target. 


u9 


AND  NUCLEAR  WEAPONS 


Impact  Fuze  missile  approaches  the  target  {fig.  3-9C), 

tEie  impact  fuze  will  still  function  on  contact. 
Impact  fuzes  are  actuated  by  'he  inertial  This  combination  of  fuzes  has  been  used  chiefly 
force  that  occurs  when  a  missile  strikes  a.  on  air-dropped  bombs-  The  Sidewinder  unci 
target-  Figure  3-0  is  a  schematic  repreeejtta-  Sparrow  also  use  such  a  combination- 
tion  of  an  Impact  fuze  and  the  explosives  it  sets 

off  in  the  warhead*  As  shown  in  the  left-hand 

diagram  (fig.  3-SA),  a  charge  of  sensitive  ex¬ 
plosive  is  contained  in  the  forward  end  of  the 
fuze;  a  movable  plunger  is  mounted  in  the  after  Time  delay  fuzes  ire  used  in  some  types  of 
endj  where  it  id  held  in  place  by  a  sprint:  or  gun  projectiles.  This  fuze  is  designed  to  deto- 

Other  suit  able  device-  (The  booster  and  main  naie  the  warhead  when  a  predetermined  time 

charge  are  not  part  of  the  fuze.)  has  elapsed  after  firing  or  launching.  One  type 

„  .  of  time- delay  element  consists  of  a  burning 

Du.me  the  flight  of  the  nubile,  the  plunger  pow(iar  traln  anolher  a«,  a  clnckltkc  mrctan- 

remams  in  the  after  end  of  the  fuse.  When  the  fe  In  elther  type  the  time  interval  cannot  be 

ir.iasile  strikes  the  targe  it  decelerates  sud-  chl„  d  after  1=pn,hilv.r.  For  ibat  rcason,  pr(,srt 

dcr.lv,  and  the  inertia  of  the  plunger  carries  «  ,lme.dell,.  luMS  a«  uulik6ly  tJ  be  used  in  guided 

fhraard  As  shown  ill  the  rfch  -hand  digram,  mlg8fJe  J,rhpads.  pra9et  time-delay  ftaxoacm. 

figure  3-ffi,  the  pltmger  strikes  the  Shock-  j  ,or  stationary  targets.  With  a  moving 

sensitive  priming  mixture  and d etonates it .  Hits  .  especially  a  fait  moving  one  like  a  mis- 

charje  in  turn  detonates  tile  booster  charge  ^  or  alrcralt,  the  time  delay  would  be  In 

which  fletonates  the  main  bursting  charge  of  the  rrror  most  of  the  time.  If  the  delay  problem 

warhead  tfig.  3-0A:.  A  time  deiaj- element  is  [g  coligjcereo  one  of  distance  rather  than  time, 
sometimes  used  in  conjunction  with  an  impact  £.|z.  ^  bf,  taccd  at  th[>  tcar  c,  the  w4r- 

fuae  bo  that  the  warhead  can  penetrate  the  tar-  he#  #nd  thf,  dwlMd  ftsal,  could  obtained 
gel  before  detona  ion  ...lii.  .  )■  g  the  vrarliead  would  penetrate  the  target  be- 

An  impact  fuze  may  be  used  in  conjunction  fore  the  fuze  could  function.  Such  fuzes  are 
with  a  fuze  of  another  type,  such  as  a  proximity  usually  used  for  armor- piercing  project  lies* 

Tf  the-  DPGximiitv  fuze  fails  to  oneratg  as  and  antitank  missiles. 
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Proximity  Fuses 


IMPACT  FUZE  *ITH 
TIME  DELAY  ELEMENT 

\ 


V.  T.  OR 

PROVMITY  FUle 
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figure  3-9,— Influence  of  fuzt  type  r.,t\  point  of 
warhead  detonation:  A*  Impact  fuze;  B.  Time- 
delay  impact  fuze;  C.  Proximity  fuze. 


Proximity  fuzes  s  r  e  oft  eh  call  ed  V  T  '’variable 

time i  fuaes,  They  are  actuated  by  some  char* 

act  eristic  feature  of  the  target  or  the  target  area 

!fig.  3*9C!;.  Several  types  of  proximity  fuzes  a  re 

possible;  for  example,  photoelectric,  acoustic, 

pressure,  radio,  radar,  or  electrostatic.  Each 
of  these  types  could  be  preset  to  function  when 
the  intensity  of  the  tar  set  characteristic  to 
which  it  is  sensitive  reaches  a  certain  magni¬ 
tude- 


Proximity  fuzes  are 


so  that  the 


warhead  1  jurat  pattern  will  occur  at  the  most 
effective  tin.'  flnri  location  relative  to  the  target. 
Designing  the  fuze  to  produce  an  optimum  burst 
pattern  is  not  easy,  since  the  most  desirable 

pattern  depends  largely  or,  the  relative  speed  of 
missile  and  target.  If  targets  with  widely  vary  ¬ 
ing  speeds  arc  lo  foe  attacked,  it  might  be  pos¬ 
sible  to  adjust  the  fuze  sensitivity  for  the  speed 

of  the  individual  target,  as  predicted  by  a  com¬ 
puter,  Prox unity  fuzes  activate  (he  warhead 
detonating  system  after  integrating  two  factors; 
the  distance  to  the  Ureet,  and  the  rate  at  which 
the  range  is  closing. 


Since  a  proximity  fuze  ope  rules  on  the  basis 
of  information  received  from  the  target,  it  is 
subject  to  jamming  by  false  information.  This 
is  one  of  the  important  problems  in  proximity 
fuze  design.  The  fuzes  are  designed  for  the 
maximum  resistance  to  countermeasures  con¬ 
sistent  wirh  other  requirements.  If  the  fuze  is 
made  inoperative  by  jamming,  the  missile  cannot 

damage  the  target  unless  it  scores  a  direct  hit . 

A  more  serious  possibility  is  that  jamming f 

instead  of  making  the  fuze  inoperable,  might 
cause  premature  detonation  of  the  warhead 

before  the  missile  came  within  lethal  range  of 

the  target,  Some  counter*  counter  measures 
(CCM)  have  been  devised  to  counteract  or  by¬ 
pass  the  effects  f  enemy  countermeasures, 


Although  atiy  of  the  effects  listed  above— 
photoelectric,  acoustic,  pressure1,  electromag¬ 
netic  (radio,  radar),  or  electrostatic— can  be 

used  as  th>-  basis  for  proximity  fuze  action,  and 
although  all  3f  them  have  been  used  at  least 
experimentally,  li  has  been  found  in  practice 
that  the  radio  proximity  fuze  ts  more  effective 
than  any  of  the  others.  This  fuze  transmits 
high- frequency  radio  Waves,  which  ate  reflected 
from  the  target  as  the  missile  approaches  it. 
Because  of  the  relative  motion  of  mfasile  and 
target,  the  reflected  signal,  as  received  at  the 
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missile,  is  of  a  higher  frequency  than  the  trans¬ 
mitted  signal.  The  two  signal^  when  mixed, 
will  generate  a  Doppler  frequency,  the  amplitude 
of  which  is  a  function  of  target  distance.  When 
this  amplitude  reaches  a  predetermined  level j 
the  fuse  functions  and  detonates  the  warhead* 
A  radio  flSZe  uses  signals  of  a  lower  frequency 
than  a  radar  fuze* 

ACOUSTIC  systems  (actuated  by  soundwaves 
from  the  target)  are  obsolete  because  of  the 
speed  of  present  day  missiles,,  which  nut  run 

sound.  Acoustical  sensors  are  still  used  to 
activate  mines  and  torpedoes.  A  diaphragm 
type  mechanism  vibrates  when  sound  waves 
under  water  strike  it,  exerting  pressure  on  an 
internal  crystal  that  sets  off  the  mine.  The 
acoustic  fuze  must  react  ontyto  specific  sounds, 

not  to  all  sounds.  The  need  for  sensitive  but 

selective  acoustic  fuzes  is  one  of  the  reasons 

for  the  Navy  studies  on  sounds  made  by  fish  and 
sea  mammals. 

MAGNETIC  induction  mines  can  be  set  off 
by  the  magnetic  field  of  an  approaching  ship,  but 
this  system  is  not  used  in  guided  missiles* 
Magnetostatic  fusing  is  also  used  for  subsurface 

targets,  but  its  Use  in  air  systems  is  still  in  the 
developmental  stage*  The  magnetic  field  that 
surrounds  the  earth,  and  the  variation  in  the 

earth’s  magnetism,  called  induced  magnetism, 

are  the  forces  used  in  magnetostatic  fuzing, 
ELECTROMAGNETIC  fuzes  may  operate 
with  radio,  radar  (microwave },  infrared,  or 
ultraviolet  waves.  The  basic  proximity  fuze 
must  have  a  transmitter- receiver,  amplifying 

circuitry  to  amplify  the  return  signal  sn  it  will 
activate  the  detonator,  electrical  safety  devices 
to  prevent  premature  detonation,  and  a  power 
supply  to  generate  and  provide  electrical  power 

to  the  fuze, 

ELECTROSTATIC  fuzing  has  application  over 
short  distances*  It  may  use  active,  semiaeiive, 
passive,  or  semipassive  modes  of  operation. 
Air  targets  become  electrostatically  charged  as 
they  pass  through  the  atmosphere,  but  water 
vapor  or  rain  dissipates  much  of  tlie  charge, 
which  poses  a  problem  for  the  fuze* 

HYDROSTATIC  fuzes  are  operated  by  the 

pressure  variations  in  the  ocean  as  caused  by 
the  passing  of  a  ship  or  submarine.  To  avoid 
premature  firing  by  natural  wave  action, 
pres  sure- firing  mechanisms  are  designed  so 
they  will  not  be  affected  by  such  motion  of  the 
w&t er .  P  r  e*s  su  r  e  -  f  i  ring  m echa  n  i  s  ms  a  r  e  seldo  m 

used  alone,  but  are  generally  combined  with  other 
influence- fired  devices,  A  hydrostatic  fuze  may 


also  be-  called  an  AMBIENT  fuze,  that  is,  a  fuze 
acted  upon  by  the  environment  of  the  target, 
rather  than  by  the  target  itself. 

AMBIENT  type  fuzes  might  be  used  against 
stationary  ground  tarr*ts  but  they  could  not  re¬ 
act  swiftly  enough  to  follow  the  almost  In¬ 
stantaneous  changes  of  altitude  that  a  missile 
or  modern  aircraft  could  undergo.  Also,  a 
target  could  be  thou  sands  of  miles  from  the 
launching  point  of  the  missile  and  it  would  be 
extremely  difficult  to  know  tht  best  air  pressure 

value  to  set  into  the  fuze  tor  detonation. 

PHOTOELECTRIC  fuzes  react  to  external 
fight  sources  and  ordinarily  are  inoperable  in 
conditions  of  low  visibility. 

Ground -Controlled  Fuze® 

In  ground-  or  ship -controlled  fuzes,  some 
device  is  employed  to  measure  the  distance 
from  missile  to  target.  The  control  device  is 
not  mounted  in  the  fuze,  but  at  some  remote 
control  point.  When  the  proper  distance  exists 

between  missile  and  target,  a  signal  is  sent  from 

the  control  point  to  cause  detonation  of  the  war¬ 
head*  This  method  is  most  often  used  with 
nuclear  warheads,  Our  missiles  tr.  silos  (Min¬ 
ute  man,  for  example)  are  ground  controlled* 
Studies  are  underway  to  make  possible  control 
from  the  air* 


Design  Considerations 

A  fuze  must  be  reliable,  accurate,  and  safe* 
it  must  be  safe  for  the  men  who  must  handle  it 
and  also  safe  against  countermeasures  by  the 
enemy.  At  the  same  time,  it  must  be  sensitive 
enough  to  detonate  upon  signal.  To  increase  the 

probability  of  an  optimum  detonation,  the  weapon 
designer  may  put  in  duplicate  systems  {re¬ 
dundancy  )t  dr  ht  may  have  two  types  of  i Lizes, 
so  that  if  one  fails  there  is  another.  The  many 

variables  that  must  be  considered  in  designing 
n  fur e  for  a  landed  missile  make  it  a  difficult 
and  complicated  problem  requiring  constant 
study  and  exp eri mentation  to  make  improve¬ 
ments. 

SAFETY  AND  ARMING,  —Each  fuze  has  a 
safety  and  arming  ££&A)  device  to  control  the 
detonation  of  the  payload,  so  there  will  not  be  3 
premature  detonation  nor  a  dud.  Win  it?  this  Is 
important  for  all  weapons,  it  is  especially  so 
for  nuclear  warheads.  Redundancy  is  used  to 
ensure  arming  at  the  proper  instant  and  safety 
at  all  other  times.  The  safety  device  shown 
in  figure  3-10  is  a  physical  barrier  between 
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Figure  3-1  Q.— 3ch emetic  of  typical  explosive  train  with  safety  device* 


144*18 


the  sensitive  and  insensitive  segments  of  the 
gxplOfttve  train*  This  physical  barrier  is  not 
removed  until  armed  status  ls  required.  It  is 
usually  of  metal  and  acts  as  a  fuse  m Lgb t  *  The 
purpose  oi  this  barrier  is  to  prevent  detonation 
of  the  laree  segments  of  insensitive  explosive 
if  the  ftize  is  un Intentionally  activated. 


The  safety  devices  included  lit  the  Si  A  are 
designed  to  prevent  accidental  activation*  The 
purpose  o*  the  primary  safety  mechanism  is 
for  safe  functioning  of  the  missile;  the  secondary 

safety  device  is  mainly  for  the  purpose  oi  over¬ 
coming  countermeasures.  This  Is  becoming 

increasingly  complex* 


Since  the  arming  device  is  actuated  by  a 

specific  signal,  such  as  the  radar  waves  from 
a  target*  the  countermeasure  may  supply  a  false 
target  signal.  By  launching  a  decoy*  or  by  some 
other  method  the  enemy  may  deceive  the  arming 
device*  The  safety  device  must  prevent  arming 

by  the  filso  signal.  As  mentioned  before,,  this  is 
a  complex  problem  which  requires  constant 
study,  A  further  complication  is  the  fact  that 
the  si  A  device  cannot  be  given  a  comp  let?  test, 
for  to  do  so  would  destroy  the  3tA  In  most 


eases.  This  is  too  costly ,  Instead,  redundancy 
is  used  in  both  safety  and  in  arming-  devices  to 
achieve  a  high 

FUZE  POSITION  IN  WARHEAD*—  Ih  gen¬ 
eral  *  juzps  may  be  classified  as  NOSE  FUZES, 
located  in 


nose  of  the  warhead,  or  BASE 
FUZES,  located  at  its  after  end.  The  fuze  or  com¬ 
bination  of  fuzes  to  be  used,  and  their  location 
in  the  warhead,  depend  on  the  mission  at  band 
and  the  effect  desired*  Proximity  fuzes  are 

always  in  the  nose  of  the  missile, 

SIGNAL  AMPLIFICATION.— The  signal  re¬ 
ceived,  from  the  target  may  need  to  be  amplified 
to  be  of  sufficient  strength  to  be  read  by  the 
fuze.  The  type  of  amplifier  used  depends  on  the 
signals  received  by  the  target  detection  device 
(TDD)*  whether  they  are  infrared  rays  from  the 
target,  radar  waves*  or  audio  signals* 


The  fuze  booster  amplifies  the  detonation 
signal  sent  by  the  fuze*  The  amount  of  explosive 
in  the  fuze  Itself  is  very  small  but  very  sensitive* 
The  fuze  boosser  is  larger  and  less  sensitive; 
it  multiplies  ?be  strength  of  the  fuze  signal  and 
initiates  the  detonation  in  thi;  next  portion  of  the 

explosive  train. 
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TELEMETERING  SYSTEMS 


u  r  em  e  a  t 


from 


THE  NEED  FOR  TELEMETERING 


a  distance."  In  actual 
practice,  the  measurements  are 
done  by  various  equipments  in  the  missile  while 

U  i3  in  flight,  These  measurements  are  then 

When  any  complex  device  or  sy  stem  launder  transmitted  to  aground  station  lav  electronic 

development,  it  must  be  given  an  exhaustive  se-  means  and  analyzed  partly  during  the  flight  and 


rles  of  tests 


wtll  reveal  irs  operating  partly  after  the 


This  telemetering 


PHOTOGRAPHIC  RECORDS 


characteristics  and  serve  as  a  basis  for  Its  permits  the  measurement  and  study  or  missile 

tactical  evaluation.  With  most  devices  and  ays-  component  performance  from  a  remote  point. 

terns,  conditions  are  such  that  human  observers 
can  study  these  character!  at  ids  close  at  hand  and 
measure  numerous  quantities  while  the  device 

or  system  is  in  actual  operation.  For  example,  Photographic  or  other  recordings  madein 

a  new  airplane  is  repeatedly  flown  under  va  rying  the  missile  itself  are  nof  consider  ed  telemeter- 
conditions  by  a  skilled  test  pilot.  Each  flight  l.qg,  be  cause  there  is  no  great  distance  between 
provides  firs?  hand  information  to  the  pilot,  as  the  measuring  and  the  recording  instruments, 
well  as  Information  derived  from  specialized 


recording  instruments  carried  in  the  plane. 


One  basic  exception  is  visual  measuring 


Should  the  plane  crash,  with  Lbe  loss  of  the  (sometimes  referred  to  as  external  tel  pip  tfer- 
pilot  and  recording  equipment,  the  cause  of  ing)  that  is  done  at  remote  stations  rather  than 


failure  may  never  be  determined 

The  problems  encountered  in  missile  de 


in  the  missile.  An  example  is  the  use  of  cameras 


fat  the  launch  site  or  other  points)  which  are 
velop merit  are  greater  than  those  met  in  airplane  used  to  photograph  the  missile's  flight*  One  such 
development  since  the  missile  cannot  be  flight-  camera,  the  THEODOLITE  camera,  takes  pic- 
tested  by  a  human  pilot.  In  meat  cases  a  missile  tures  of  the  missile  In  flight,  and,  at  the  same 
is  lost  forever  shortly  after  launching— being  time,  continuously  records  the  azimuth  and 
reduced  to  junk  on  striking  the  surface  of  the  elevation  of  the  camera,  as  well  as  the  time  at 
earth.  Or  falling  into  the  sea 


which  each  frame  is  exposed.  By  using  two  or 
The  test  versions  of  Regulus  were  designed  more  of  these  cameras  and  a  triangulation 

for  intact  recovery  after  test  flights,  and  re-  process,  a  missile's  range,  bearing,  altiludej 

cording  equipment  to  Indicate  the  second-by-  and  velocity  can  be  computed  for  any  Instant  of 

second  performance  of  missile  components  could  flight.  This  data  can  then  be  plotted  to  show  the 

be  carried  within  the  missile  itself.  But  most  missile's  flight  path.  Other  Information,  such  as 

missiLes  are  nonre  cover  able.  Telemetering  missile  flight  attitude,  control  surface  move- 

equipment  is  therefore  essential  to  an  evalua-  menta,  target  intercepts,  and  any  breaking  up  of 

tion  of  component  and  system  performance.  the  missile  due  to  malfunction,  can  also  be  ob- 

and  to  indtrate  the  cause  of  component  failure,  tained  from  the  pictures.  The  information  ob- 

As  you  know,  guided  missiles  are  subjected  to  tabled  from  visual  recordings  is,  of  course, 

a  series  cf  rigid  systems  tests  on  the  ground  limited  by  the  quality  of  the  camera  (resolving 

during  and  after  their  development.  However,  power,  etc.),  the  weather,  and  the  range  Of  the 

the  results  obtained  on  the  ground  may  be  very  missUf.  Although  visual  recording  data  Is 

different  from  those  obtained  from  a  mis  a  He  in  very  valuable  in  missile  development  and  flight 

flight.  Temperatures,  pressures,  and  accelera-  testing,  it  is  limited  to  overall  missile  perform 

tions  encountered  in  flight  mav  significantly  a  nee  and  therefore  cannot  show  the  internal 


change  the  operation  of  the  missile. 


ron  ic  o  a :  io  n  o  f  the  mi  sfi  it  e  ro  nip  cm  ertt  s . 


and  other  types  of  control  system  equipment  may 
react  very  differently  under  she  stress  o:  flight 


conditions  than  they  do  on  the  ground 


For 


An  instrument  panel  observed  through  a 
television  camera  constitutes  a  form  of  tele¬ 
metering  witti  a  number  of  channels,  in 


those  reasons,  certain  flight-test  methods  have  which  quantitative  information  is  marie  taime- 
been  developed  to  provide  ground  personnel  diately  available  for  observation  and  recorditig. 
with  an  accurate  basis  for  determining  in-flight 
performance. 

These  flight- testing  methods  rely  on  a  pro¬ 
cess  called  TELEMETERING,  The  word  *  tele-  Telemetering  of  data  relating  to  the  mis- 
meter"  is  of  Greek  origin  and  means  "meas-  site's  Internal  operation  is  accomplished  by  the 


RADIO  TELEMETERING 
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tie  e  i jf  a  rad  io  l  vn  *■; ,  R  a  dio  1 e L  em  t:  t  e  r  i rig  !ia  @  bee n 


A  great  deal  Information  is  needed  dur- 


ii3  use  since  the  mid-thirties,  especially  for  ing  the  various  stages  or  a  missile  test  or 

transmitting  rather  data  gathered  by  balloon- 
supported  instruments ,  This  data  is  emitted  to 


program,  on  such  subjects  as 
launching  performance,  flight  data,  anti  oper- 

transmitters.  The  atton  of  the  control  and  guidance  systems, 
principal  element  of  this  kind  of  equipment  is  Data  measured  by  the  tele  metering  systems 


remote  stations  by 


called  RADIOSONDE,  and  is  stilt  ore  of  th- 


of  guided  missiles  include  (1 )  changes  of  atti- 


aerographin'#  most  important  weather-  facie  in  roll,  pitch,  and  yaw;  (2)  flight  data  such 
predicting  devices,  Susp ended  from  weather  as  air  speed  and  altitude;  (3)  missile  acoclera- 
balloons,  radiosondes  provide  weather  infor-  tion  durii^:  launching  or  maneuvering;  (4J  ani¬ 
mation  by  sampling  the  readings  of  various  bient  conditions  of  temperature,  humidity,  and 
meteorological  instruments  in  sequence.  Re-  pressure.  !&)  structural  information  such  as 
slstance  values  aretaused  to  vary  with  humidity,  vibration  and  strain;  (6)  control  functions, 

etc.  This  variation  in  turn  causes  such  as  operation  of  the  control  receiver,  auto- 
nwdulation  of  the  transmitter  carrier  frequency,,  pilot  opera-tig  a,  servo  operation,  displacement# 
A  simple  telemetering  system  might  meas-  of  control  surfaces,  ar.d  operation  of  the  homing 


or  m3 \er  target -seeking  equipment;  (7)  pro- 

information,  Including  fuel  flow  and 


ure  only  "yes-no"  information  such  as  whether 
or  not  the  fuse  is  armed  al  any  given  instant 

This  type  of  system  tells  an  observer  when  an  thrust,  temperatures  and  pressures  in  the 

event  has  taken  place,  A  usual  method  is  to  rocket  assembly:  ( 8;  ordnance  functions  such  as 

change  htj  audio  modulation  f  r a  qu  <*;;  ry  each  time  fuze  arming  time;  rVi  upper -air  research  data, 

an  event  takes  place.  The  frequency  change  such  as  sampling  for  cosmic  radiation;  (10)  the 

gives  evidence  that  the  transmitter  was  working  performance  01  the  electric,  hydraulic,  andpneu 


both  before  anti  afttu*  each  successive  event. 


marie  systems  and  L  )  information  on  the  per* 


ln  such  a  transmitter  no  rigid  demands  are  formance  of  the  telemetering  equipment  itself, 
made  on  the  stability  of  the  audio  frequency,  Including  reference  voltages  for  calibration  and 
Or  upon  its  waveform,  time  marks,  to  permit  synchronizing  recordings 

Missile  radii.:-  telemetering  systems  finclud-  as  received  by  several  different  receivers  lo- 

ing  ground  equipment'  are  usually  designed  to  gated  along  the  flight  path, 
carry  out  the  following  major  processes:  Many  of  these  measurements  are  inter- 

1,  Observation  of  missile  functions.  related.  Some  of  them  require  a  high  order 

2.  Conversion  of  the  measured  quantities  of  time  resolution,  especially  as  tile  speed  of 


into  electrical  signal  A. 

3.  Transmission  of  (he  signals  from  the 
missile  to  a  receiving  station. 


the 


m  ]  s  s 


increases.  For  others,  a  few 

per  second  are  adequate,  a  tele¬ 
metering  system  must  b  capable  of  transmitting 


The  receiving  station  performs  the  following  large  amounts  of  varied  dal  a  each  second 


functions: 

1.  Receives  the  transmitted  signals. 

2*  Decodes  the  signals. 

3.  Displays  various  data  in  visual  form. 

4.  Records  information  permanently  lor  fu¬ 
ture  use. 


The  requirement  that  the  telemetering  sys-  include: 


With  so  much  information  to  be  handled,  a 
multi- charnel  system  is  plainly  indicated, 
because  a  single  commute  Ted  channel  would  not 
give  sufficient  time  resolution. 

The  missile-borne  telemetering  equipment 
must  meet  certain  design  specification#  which 


tem  accurately  transmit  a  large  amounr  of  data 


l.  Being  sufficiently  light  in  weight  so  the 


in  &  short  period  of  time  has  resulted  in  iu  flight  characteristics  of  the  missile  will  not  be 
development  of  very  reliable  radio telemet ering  affected. 


systems  which  employ  Mt[  TIPI  EXING  to  pro- 


2.  Being  rugged  enough  to  withstand  the 


vide  the  necessary  number  cJ;st;i  channels,  severe  forces,  pressures,  and  temperatures 


TELE  METE  KING  REQUIREMENTS 


encountered  during  missile  flight 


3 .  B  eing 
installation. 


Sttia  1 1  enough  t  o 


ea  s  e 


4,  Being  expendable. 


Guided  missiles  present  their  own  peculiar 
problems,  caused  by  limited  space,  High  launch¬ 


ing  acceleration,  high  speed,  and  the  varied  and  quantities  bein:;  measured  are  faithfully  trans- 


o 


reliable  enough  to  ensure  that  the 


no  me  rou  ^  measurements  required 


milted  to  the-  receiving  station.  Because  most 
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missiles  are  fired  only  once,  the-  ?elerr.et -ring 
must  be  reliable  or  2  sizable  expenditure  of 

time  and  money  will  be  wasted.  Accuracy,  sta¬ 
bility,  and  simplicity  arc  imperative.  Because 

oi  these  requirements,  telemetering  personnel 
check  tli dr  calibration  work  ]ust  prior  to 


launching 


Launching  subjects.  tine  missile- 


bornp  telemetering  equipment  to  severe  con¬ 


ditions  of 


s 


lib  rati  on,  and  some¬ 


times  condensation.  For  e simple,  when  a  litis- 

site  is  launched  at  high  altitude  from  a  parent 

p la  ne j  tts  pn  rt  s  may  b  &  c  old ,  Wh c*n  the  m  i  s  s  il  e 

a  lower  altitude,  the  condensation 

that  takes  place  may  impair  operation  of  the 
telemetering  equipment. 

The  missile  may  roll,  or  it  may  be  thrown 
into  a  climb  or  dive,  and  through  all  these 
gyrations  the  telemetering  equipment  must  con¬ 


tinue  to  function.  A  directional  antenna  may 
cause  the  signal  to  be  lost  entirely,  long 
with  valuable  information,  at  a  critical  lime; 
such  an  antenna  requires  a  number  of  data- 

receiving  scat  ions  to  ensure  continuous  recep¬ 
tion,  The  pattern  of  the  antenna  on  the  missile 

should  be  such  that  reception  id  not  impaired 

by  changes  in  missile  attitude.  The  antenna 
should  be  designed  for  minimum  aerodynamic 
drag;  with  supersonic  missiles,  this  require¬ 
ment  is  particularly  important.  Nose  probes 

or  an  insulated  section  of  tht*  missile  nose  arc 

sometimes  used  as  radiating  surfaces.  In 
some  missiles,  a  part  of  the  airframe  itself 


Is  excited  by  a  reedline  and  serves  2  trans¬ 


mitting  antenna. 

As  in  any  system  of  measurement,  ihc  te¬ 
lemetering  system  should  neither  impair  the 
opemtion  of  the  equipment  it  monitors,  nor 

exert  an  undue  influence  on  the  quantities  it 

measures.  In  small  missiles,  the  distribution 

□i  telemetering  instruments  mugt  be  so  ar¬ 
ranged  that  the  center  of  gravity  remains  un¬ 
disturbed. 


COMPONENTS  OF  A 
TELEMETERING  SYSTEM 


The  nature  of  the  telemetering  installation 

is  determined  by  the  requirements  of  the  par¬ 
ticular  test,  and  the  exact  functions  to  be  te¬ 
lemetered  for  each  flight  must  be  carefully 
chosen.  For  example,  a  small  number  of 

functions  may  bi>  studied  with  great  precision, 

rather  than  a  larger  number  of  functions  on  a 

time- sharing  basis.  Such  a  selection  might 


also  result  in  a  saving  in  the  time  required 
for  missile  instrumentation. 

Missile  telemeter  in?  systems  in  general 
consist  of  the  components  shown  in  figure  3-31. 
The  END  INSTRUMENTS  located  in  the  missile 


measure  the  desired  quantities,  and  produce 
corresponding  data  signal  voltages  "which  are  led 

to  a  bank  of  subcarrier  oscillators.  Here  the 
data  signals  frequency- modulate  the  oscillators. 
The  resulting  signals  are  combined  to  produce  a 
single  complex  signal  which  is  then  impressed 
on  a  v-h-£  carrier  signal  and  transmitted  by  the 

missile  telemetering  antenna.  At  the  remote 
receiving  station,  the  transmitted  signal  is 
received  and  eventually  broken  down  into  its 


components 

analyzed. 


rec  0  rd  ed , 


and 


End  Instruments 


The  end  instruments  are  the  sensing  devices 
which  are  carried  in  the  missile  to  observe  the 


components  an  which  information  is  to  be  tele¬ 
metered* 

End  instruments  that  are  common  to  all 
systems  fall  into  two  classes:  PECKOFFS  and 
TRANSDUCERS,  (Transducers  are  sometimes 
referred  to  as  pickups. )  In  telemetering  par¬ 
lance,  the  term  1  f p ickoff J>  is  usually  reserved 

for  devices  which  collect  data  in  electrical  lorm 
and  relay  that  data  in  electrical  form. 

The  term  ‘'transducer^  generally  is  re¬ 
served  for  the  devices  tl»t  convert  nonelectrical 
indications—  for  example,  mechanical  motion— to 

voltages  which  can  be  u^ed  for  telemetry  trans¬ 
mission  purposes. 


^Because  of  the  necessity  lor  compact  mis 


site  equipment. 


ering  end  instruments 


are  very  often  built  into  the  missile  as  integral 

parts  of  the  overall  system,) 


The  exercise  head  is  the  location  of  the 

major  components  of  the  missile  telemetering 
equipment.  'When  the  exercise  head  is  installed, 
connections  are  made  to  the  missile  components 


that  are  to  be  Tested, 


The  most  common  type  of  telemetering  sys¬ 


tem  used  for  guided 


is  the  f-m/  f-m. 


or  DOD  (Department  of  Defense!  system.  Pulse 
telemetering  systems  ar€  also  used  to  a  limited 


extent. 

The  f-m  f-m  telemetering  system  uses  the 

basic  techniques  Of  frequency  modulation  and  can 
be  used  to  transmit  large  quantities  of  missile 
data  very  rapidly. 
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Pulse  telemeter ing  systems  operate  on  a 
time -sharing  basis;  that  is;  they  transmit  sepa¬ 
rate  items  of  information  one  at  a  time  and  in  a 
regular  sequence,  The  missile  data  supplied  by 
all  the  channels  are  transmitted  on  the  same 
carrier  wave;  but  each  channel  is  sampled  for 
comparatively  short  intervals  of  time  and  is 
permitted  to  modulate  the  transmitter  only  dur¬ 


ing  thesr-  intervals.  This  process  is  often  re¬ 
ferred  to  as  TIME. DIVISION  MULTIPLEXING. 

Data  transmitted  from  the  missile  may  be 
observed  on  instruments  as  the  flight  pro¬ 
gresses,  and  simultaneously  recorded  on  film 

or  magnetic  tape.  Suitable  decoding  and  com¬ 
puting  equipment  are  used  to  facilitate  the  Work 
of  data  reduction  and  analysis. 
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CHAPTER  4 


MISSILE  PROPULSION  SYSTEMS 


INTRODUCTION 


A  brie!  history  of  tftt  evolution  Of  missile 
propulsion  systems  was  presented  in  chapter  1. 
Chapter  3  gave  an  overview  of  the  types  of 
propulsion  used  in  present  day  missiles,  and  of 
pos  st bl e  futur  c  devs  lopm  ents .  Thi s  c  h  apte r  wi  11 
present  principles  of  operation  of  the  differ¬ 
ent  impulsion  systems  and  the  application  of 

basic  laws  of  science  to  them.  The  different 

types  of  propellants  used  and  the  methods  of 
using  them  are  discussed.  Advantages  and  dis¬ 
advantages  of  each  type  are  recounted-  New 
combinations  and  experimental  propellants  are 
touched  Upon. 


GE NK  R A  L 


The  propulsion  system  of  a  missile  is  the 
esitlre  system  required  to  propel  the  missile* 
including  the  engine,  accessories  such  as  pumps 
and  turbines,  pressurization  system,  tankage  and 
alt  ralated  equipment. 

Until  the  start  of  World  War  II,  the  recip¬ 
rocating  engine  -propeller  combination  was  con¬ 
sidered  satisfactory  for  the  propulsion  of  air¬ 
craft.  We  have  already  explained  the  speed 

limitations  of  propeller -driven  craft.  As  tbs 
speed  of  the  propeller  approaches  the  speed  of 
sound,  shock  waves  form  and  limit  the  devel¬ 


opment  of  thrust  This  condition  requires  the 
use  of  extremely  Inr^e  engines  to  produce  any 
further  increase  iu  speed  Research  in  the 
design  of  propellers  may  make  it  possible  to 

overcome  some  of  their  limitations.  But  at 
present,  some  form  of  jet  propulsion  Is  re¬ 
quired  for  high  subsonic  and  supersonic  speeds. 
Guided  missiles  must  travel  at  high,  speeds 
to  lessen  the  probability  of  interception  imd  de¬ 
struction  by  enemy  countermeasures.  Although 
a  few  high -subsonic  missiles  are  still  opera¬ 
tional  for  use  against  surface  targets,  most  of 
those  on  hand  are  used  for  target  practice.  The 


efficiency  of  count er  measures  tends 


ti  make  ill  subs  nic  missiles  obsolete  Missiles 


intended  for  ase  against  high-speed  enemy  mis¬ 
siles  and  manned  aircraft  must  be  capable  of 
high  speeds.  All  air-to-air  and  surface-to-air 

missiles  now  operational  fly  at  supersonic  veloc¬ 
ities  and  depend  on  some  form  of  jet  engine  for 

propulsion* 

Jet  propulsion  is  a  means  of  toe  amotion 
brought  about  by  the  momentum  of  matter 

expelled  from  the  after  end  of  the  propelled 

vehicle.  This  momentum  is  gained  by  the  com¬ 
bustion  of  either  a  solid  or  a  liquid  fuel.  Com¬ 
pared  to  reciprocating  engines,  jet  propulsion 
systems  are  simple  in  construction.  The  basic 
components  of  a  jet  engine  are  a  combustion 
Chamber  nnd  an  exhaust  nozzle,  Some  systems 


r  equir e  aeces  sory  c  ompon  ents  such  as  pumps  *  in- 

jet?  tors,  turbines,  diffusers  and  ignition  systems, 


CLASSIFICATION  OF 

JET  SYSTEMS 


Jet  propulsion  systems  used  in  guided  mis¬ 
siles  may  be  divided  imo  two  types:  ducted  pro¬ 
pulsion  systems  (also  called  atmospheric  jets) 
and  rockets. 

Missiles  using  a  ducted  propulsion  system 
are  air-breathing  miss  lies ;  they  are  incapable  of 
Operating  in  a  vacuum.  The  missile  takes  in 


a  quantity  of  air  at  its  forward  end,  increases 
its  momentum  by  heating  it,  and  produces 
rbrust  bv  permitting  the  heated  air  and  fuel 
combustion  products  tr  expand  through  an  ex¬ 


haust  nozzle 


This  process  may  be  broken 


down  into  the  following  steps:  air  is  taken  in 
and  compressed;  liquid  fuel  is  injected  into 
the  compressed  air;  the  mixture  is  burned; 
and  the  resulting  hot  gases  are  expelled  through 
a  nozzle.  The  air  may  be  compressed  in  any 
of  several  ways,  In  a  turbojet  engine,  air  is 
compressed  by  a  rotary  compressor,  which  in 

turn  is  operated  by  a  turbine  located  in  the 
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pa  Hi  Of  the  exhaust  leases  and  mounted  on  the 
same  shaft  as  the  compressor,  (A  turboprop 
engine,  now  used  in  some  manned  aircraft  but 
not  in  guided  missiles,  makes  use  of  a  propel¬ 
ler  mounted  at  the  forward  end  of  the  com¬ 
pressor  turbine  shaft.)  In  a  pure  duct  system, 
such  as  the  ramjet,  air  is  compressed  by  the 
forward  motion,  of  the  missile  through  it.  The 
now  obsolete  pulsejet  also  depends  on  for¬ 
ward  motion  for  compression.  It  differs  from  the 
ramjet  tn  that  combustion  is  intermittent,  rather 
than  continuous. 

Rochets  do  not  depend  on  air  intake  for 
their  operation,  and  arc  therefore  capable  of 
traveling  beyond  the  atmosphere.  A  rocket 
engine  carries  with  it  all  the  materials  re¬ 
quired  for  its  operation.  These  materials 
usually  consist  of  a  fuel  and  an  oxidizer.  The 
oxidizer  Is  a  substance  capable  of  releasing 
all  the  oxygen  required  for  burning  the 
fuel. 

Figure  4-1  charts  the  types  of  jet  propulsion 
systems.  Both  types,  rockets  and  atmospheric 
]ets.  receive  their  thrust  as  reaction  to  the 
exhaust  of  combustion  gases.  Jet  engines  fre¬ 
quently  arc  called  reaction  motors,  since  the 
exhaust  gases  produce  the  action  while  the 
opposite  motion  of  the  missile  or  aircraft  rep¬ 
resents  the  reaction.  Both  typist  can  be  called 
thermal  jets  because  they  are  dependent  on  the 
action  of  heat.  The  reaction  which  propels  the 
1  et  engine  occurs  WITHIN  the  engine,  and  does 
not  occur  as  a  result  of  the  exhaust  gases 
pushing  against  the  air. 


PRINCIPLES  OF  JET  PROPULSION 
BASIC  LAWS  AND  FORMULAS 

Before  taking  up  propulsion  systems,  let  us 
review  the  way  gases  arc  affected  by  variations 

in  pressure  and  temperature.  Gases  at  high 

temperatures  and  pressures  are  used  in  the 
main  propulsion  systems  of  missiles,  as  well 
as  for  driving  various  mechanisms  within  many 

missile.?.  These  gases  ir.ay  be  in  the  form  of 
high  pressure  air  (or  other  inert  gases)  stored 
in  flasks,  qr  in  the  form  of  fuel  combustion 
products.  The  use  of  stored  compressed  gas 
has  been  limited  to  small  vernier  rockets  in 
ballistic  missile  reentry  bodies,  but  flasks  of 
compressed  gas  are  used  to  operate  parts  of 
missiles,  for  launching  Polaris,  and  for  dud- 
jettisoning  some  missiles. 

Absolute  Pressure 

Although  we  live  at  the  bottom  of  an  ocean 
of  air,  we  do  not  feel  the  pressure  which  the 
atmosphere  exerts  on  us  because  It  is  nearly 
equal  in  all  directions. 

Irt  all  problems  involving  the  laws  of  gases* 
pressure  should  be  figured  in  pounds  per  square 
inch  absolute,  which  is  the  gauge  pressure 
plus  14.7  psl  at  sea  level, 

Absolute  Temperature 

The  temperature  cf  a  gas  can  be  measured 
with  respect  to  an  absolute  zero  value.  This 
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value,,  which  is  usually  expressed  in  terras  of 
the  centigrade  stale,  represents  one  of  the 
fundamental  constants  of  physics-  It  Was  estab¬ 
lished  experimentally  during  a  series  of  tests 
made  in  the  study  of  the  kinetic  theory  of  gases. 

According  to  this  view,  a  gas,  like  other 
forms  of  matter,  is  composed  of  molecules  made 
up  of  combinations  of  atoms.  Normally,  the 
molecules  of  any  substance  are  in  constant 
motion.  In  the  gaseous  state,  the  motions  are 

assumed  to  be  entirely  random.  That  is,  the 
molecules  move  freely  in  any  direction  and  are 
in  constant  collision,  both  among  themselves 
and  with  the  walls  of  the  container.  The  moving 
particles  possess  energy  of  motion,  or  kinetic 
energy,  the  total  of  which  Is  equivalent  to  the 
quantity  jf  heat  contained  in  the  gas,  When 
heat  is  added,  the  total  kinetic  energy  is 
increased,  When  chi  gas  is  cooled,  the  thermal 

agitation  is  di mini s he d  and  the  molecular  ve¬ 
locities  are  lower  ed- 

The  molecules  do  not  all  have  the  Same 

velocity,  but  display  a  wide  range  of  individual 
velocities.  Tin  temperature  of  the  gas,  accord¬ 
ing  to  the  kinetic  theory,  is  determined  by  the 
average  e at* r gy  f  the  im  lecul ar  met j ons,  Pr e & - 
sure  is  accounted  for  by  c<  naiderlng  it  as  re¬ 
sulting  from  the  bombardment  of  the  walls 
of  the  container  by  the  rapidly  flying  molecules. 
The  particles  are  considered  to  have  perfect 
elasticity,  so  that  they  rebound  Irom  the  walls 
with  the  same  velocities  with  which  they  strike 

the  nu 

In  accordance  with  the  kinetic  theory,  if  the 
heat  energy  of  a  given  gas  sample  could  be 
reduced  progressively,  a  temperature  would 

be  reached  at  which  the  motions  of  the  mole¬ 
cules  would  cease  entirelv,  If  known  with 

Mb 

accuracy,  this  temperature  could  then  be  taken 
as  the  absolute  zero  value.  It  was  assumed  from 
the  experiments  that  -373"C  represents  the 
theoretical  absolute  zero  point  at  which  all 
molecular  motion  ceases,  and  no  more  heat  re¬ 
mains  in  th?  substajic e.  All  gases  are  converted, 
to  the  liquid  state  before  this  temperature  is 


Gas  Laws 

In  the  experiments  to  determine  absolute 
pressure  and  absolute  temperature,  the  behavior 
of  gases  under  different  pressures  and  tem¬ 
peratures  revealed  the  laws  of  gases.  Any 
change  in  the  temperature  of  a  gas  causes  a 
corresponding  change  in  the  pressure,  making  it 
necessary  to  consider  temperature,  pressure, 


and  volume  together.  The  same  ratios  of  change 
of  volume  and  pressure  were  found  to  be  present 
in  all  gases,  and  they  were  found  to  be  constant 
over  a  wide  range  of  temperatures. 

The  first  law  of  gases  is  Boyle’s  law; 
The  volume  of  any  dry  gas,  the  tem¬ 
perature  remaining  constant,  varies  in¬ 
versely  with  the  pressure  on  it:  that  is, 
the  greater  the  pressure,  the  smaller 
the  volume  becomes. 

This  is  true  only  if  the  temperature  has 

re  maimed  the  same. 

In  general,  rvhen  the  pressure  is  kept  con¬ 
stant.  the  volume  of  a  gas  is  proportional  to  its 
absol  ut  e  temp  erature.  Th  is  is  known  as  Char  les 1 
LaW: 

All  gases  expand  and  contract  to  the 
sain-;  extent  under  the  same  change  of 
temperature*  provided  there  is  no  change 
in  pressure. 

Finally,  since  the  volume  of  a  gas  increases 
as  the  temperature  rises,  it  is  reasonable  to 
expect  that  if  a  confined  sample  of  gas  wore 
heated,  its  pressure  would  increase.  Experi¬ 
ments  have  shown  that  the  pressure  of  any 

gas  kept  at  a  constant  volume  increases  for 
each  degree  centigrade  rise  very  nearly  l/273 
of  its  pressure  at  O'  C.  Because  of  this  finding 
it  is  convenient  to  state  this  relationship  in 
terms  of  absolute  temperatures.  For  all 
gases  at  constant  volume,  the  pressure  is 

proportional  to  the  absolute  temperature. 

The  general  gas  equation  comes  from  a 
combination  of  Boyle's  law  and  Charles'  law, 
and  it  is  expressed  by  combining  their  equations 
into  one.  That  is: 


P  V 
*1  V  1 


P  V 
*2  2 
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P 


and  Ti  are  the  original  pressure  and 

temperature  and 


1 


P<j  and  T-.  refer  to  the  new 


pressure  and 


9  dLUM  L  rj 

temperature;  and 


refers  to 
refe  rs  to  thr  ■ 


the  original  volume  and 
new  volume.  In  using  this  formula  be  sun-  that 

pressure  and  temperature  are  In  absolute  units. 

All  real  gases  depart  somewhat  from  the 
Boy l e -Char  1  es  law  ideal  gas  law).  Missile 

designers  must  apply  the  laws,  with  the  variation 

for  the  gas  to  be  used,  In  their  design  of  the 
jet  propLiision  systems.  The  gases  are  produced 
by  the  burning  of  the  propellant  (liquid  or  solid) ; 

the  missile  design  must  channel  the  gases  to 

produce  the  most  thrust  available  from  them* 
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APPLICATION  OF  BASIC  LAWS 
TO  MISSILE  PROPULSION 

The  vwo  most  common  methods  by  which  we 
produce  thrust  are  by  mechanical  means  [pumps 

or  fans :  t  and  by  thermal  me  ana  (chemical  reac¬ 
tion)-  The  squid  is  an  example  of  the  mechanical 
jet  found  in  nature.  It  draws  water  into  its  body 

and  then  by  muscle  contraction  forces  this  water 
rearward  through  a  small  opening  at  an  Increased 
velocity,  thus  propelling  itself  forward. 

In  our  study  of  guided  missiles  we  are 
concerned  with  thermal  jets— those  that  operate 
by  reaction  to  the  exhaust  of  combustion  gases. 
With  the  help  of  some  elementary  mathe¬ 
matics,  we  will  show  how  a  Jet-propulsion  sys¬ 
tem  develops  the  thrust  required  to  propel  a 
guided  missile,  -All  jet -propulsion.  Systems  are- 
based  on  the  principles  expressed  in  Newton's 

second  and  third  laws  of  motion,  discussed  in 
chapter  3,  According  to  Newton's  second  law, 
the  acceleration  of  a  body  acted  on  by  an  un¬ 
balanced  force  is  in  the  direction  of  the  applied 
force,  directly  proportional  to  the  magnitude  of 
the  force,  and  inversely  proportional  to  the 

mass  of  the  body.  This  relation  can  be  ex¬ 
pressed  as  a  formula: 

F  «  Ma 

or,  force  equals  mass  times  acceleration,  with 

force  expressed  in  pounds,  acceleration  in  feet 
per  second  per  second,  and  mass  In  SLUGS. 

[A  slug  is  a  unit  of  mass:  the  mass  of  a  body  in 
slugs  is  equal  to  its  weight,  in  pounds ,  divided 
by  the  acceleration  due  to  gravity  in  feet  per 

second  per  Second.)  The  weight  of  any  given 
mass  varies,  depending  on  the  force  of  gravity, 
which  varies  with  the  distance  from  the  eartlvs 
center.  The  relation  between  weight  and  mass 
can  be  expressed  in  the  formula: 


where  v  ]  is  the  initial  velocity  of  a  mass,  vg 
its  final  velocity,  and  t  the  time  during  which 
this  change  of  velocity  occurs.  If  we  substitute 
the  above  value  of  acceleration  In  the  original 
formula,  F  =  Ma.  we  get 


Since  MV  is  momentum,  the  above  formula 
shows  that  the  thrust  produced  by  a  jet  engine 
is  equal  to  the  rate  of  change  of  momentum  of 
its  working  fluid.  We  can  write  the  above 

formula  as  follows: 

F  =  ill  (Vg  -  Yj) 

where  m  represents  M  t,  and  is  called  the  mass 
rate  of  flow  of  the  working  fluid  in  slugs  per 
second. 

In  the  original  equation,  T  —  Ma,  we  can 
substitute  the  equivalent  weight  for  mass,  ajid 

get 

7T=^ 


When  we  apply  tills  formula  to  a  jet  propul¬ 
sion  system,  F  ia  the  unbalanced  force  that 
accelerates  -lie  working  fluid  through  the  ex¬ 
haust  nozzle,  and  a  is  the  acceleration  of  the 
fluid  in  feet  per  second  per  second,  hi  accord¬ 
ance  with  Newton1?  third  law  of  motion,  the 
forward  thrust  developed  by  the  jet  propulsion 
system  ia  r qu a.1  and  opposite  to  the  unbalanced 

force  applied  to  its  working  fluid. 

Now,  let  w  equal  the  total  weight  of  working 
fluid  that  flows  through  a  missile  propulsion 

system  during  the  time  the  system  is  producing 
thrust,  and  let  t  equal  the  total  time  during 
which  the  system  develops  thrust,  Then  W/t  is 


the  weight 


of  flow  of  working  fluid,  in 


pounds  per  second.  Letting  w  =  w/t,  we  can 

now  write  a  formula  for  the  thrust  developed 
by  a  jet  propulsion  system: 


in  which  M  is  the  mass  In  slugs.  W  the  weight 


in  pounds,  and  g  the  acceleration  due  to  gravity 
in  feet  per  second  per  second  (approximately 
32,3  ft/sec2  at  sea  level). 


Acceleration  is  the  rate  of  change  of  veloc¬ 
ity.  This  is  expressed  in  the  formula 


'  V2  -  V1  > 


■where  T  is  the  thrust  in  pounds;  w  is  the  weight 
rate  of  flow  of  the  wot  king  fluid,  in  pounds  per 
second;  vj  is  the  initial  [intake)  velocity  of  tbs 
working  fluid;  v«  Is  the  final  (exhaust)  velocity 
■of  the  fluid;  ana  g  is  the  acceleration  due  to 
uravfty.  This  equation  givt£  the  thrust  applied 
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per  hour,  For  example,  assume  that  a  miss lla 
traveling  at  3750  mph  has  56,000  pounds  of 
thrust.  The  above  equation  shows  that  the 

engine  is  developing  560*000  horsepower: 


where  w  is  the  rate  of  fuel  and  oxidizer  con¬ 
sumption  in  pounds  per  second,  and  ve  is  the 
exhaust  velocity  of  the  gases.  But  the  above 
formula  expresses  only  the  thrust  due  to  mo¬ 
mentum  of  the  working  fluid.  If  the  pres- 

sure  Of  the  working  fluid,  after  it  Leaves  the 


Horsepower 


where  V  is  the  missile  velocity  in  mites  pe 
hour,  T  is  thrust  in  pounds,  and  375  is  a  eon 
start  having  the  dimensions  of  mile -Bound 
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tali  cs  pt  5  c  e „  Combustion  is  net  es  5  ar  y  to  pro  via  e 
thrust.  Useful  thrust  cannot  be  attained,  in  an 
atmospheric  jet  unless  the  combustion  products 
are  exhausted  at  a  velocity  greater  than  that  0 f 
the  intake  gases. 

In  all  thermal  jets,  the  heat  energy  1  el  eased 
by  the  combustion  process  is  cc  averted  to  kinetic 


exhaust  nozzle*  is  greater  than  the  pressure 
outside  the  missile,,  the  actual  thrust  is  less 
than  that  given  by  the  above  formula,  it  is 
obvious  that  11  the  gases  that  have  left  the 
missile  are  at  a  higher  pressure  than  the  sur¬ 
rounding  atmosphere  or  space,  these  gases 
arc  capable  of  doing  work.  That  work,  which 
might  have  been  used  to  propel  the  missile, 
will  be  wasted.  A  more  accurate  formula  for 
rocket  thrust  is: 


bey  pass  through  the  exhaust  nozzle, 
hamber  is  usually  a  cylinder,  although 
j mutinies  be  a  sphere,  its  Length  and 
must  be  such  as  to  produce  a  chamber 
lost  suitable  for  complete  and  stable 

m.  The  chamber  length  and  the  nozzle 

eter  are  determined  by  the  propellants 
:1.  Both  roust  be  designedto  produce  the 
gas  velocity  and  pressure  at  the  nozzle 


in  which  is  the  pressure  Of  the  surrounding 
atmosphere  (or  space),  is  the  pressure  of 
the  exhaust  jet,  and  is  the  cross -sectional 
area  Of  the  exhaust  jtf.  If  the  exhaust  nozzle 
can  be  so  designed  that  Lt  decrease*  the-  pres¬ 
sure  of  the  exhaust  jet  to  that  of  the  surround¬ 
ing  space,  the  pressure  term  in  the  above 
equation  becomes  zero.  This  condition  repre¬ 
sents  the  maximum  thrust  available  for  any 
given  propellant  and  chamber  pressure!  Al¬ 
though  this  condition  cannot  be  fully  attained 
ia  actual  practice .  well-designed  n  .uilos  make 
it  p-ossible  to  approach  it  closely. 

It  is  a  common  misconception  that  jet  ert~ 

gines  operated  by  pushing  against  the  surround¬ 
ing  air.  Ducted  jets  depend  un  air  is  a  work¬ 
ing  fluid,  but  they  do  not  need  air  for  the 
exhaust  to  push  against.  Hockets  require  no 
air.  Air  acts  only  to  impede  the  motion  of  a 
rocket,  first  by  drag,  and  second  by  hindering 
the  high -speed  ejection  of  the  exhaust  gfises. 
Thus  rockets  operate  more  efficiently  in  a 
total  vacuum  than,  they  do  in  the  Atmosphere. 


EXHAUST  NOZZLE 


COMPONENTS  OF  JET  PROPULSION 

SYSTEMS 


To  achieve  high  thrust.  It  is  necessary  to 
produce  large  quantities  of  exhaust  j.ises  at  high 
temperatures  and  pr ess  ores.  To  produce  these 
exhaust  gases,  jet  propulsion  systems  consist 
nf  a  combustion  chamber,  an  n=u-.-l-  . 

and  a  fuel  supply.  Liquid-fuel  systems  require 
additional  parts,  $uvi\  as  injectors,  pumps, 
and  Ignition  systems.  Air  breathing  engines  re¬ 
quire  diffuser s  at  Use  air  intake. 


THPOAT 


COMBUSTION  CHAMBER 


I*0UTH 


The  comb  1st Lqh  chamber  is  th<it  part  of  the 
system  in  which  thi.  chemical  action  (combustion! 


e  4-3.  — Location  of  nozzle 
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to  Kinetic  energy.  Thus  the  pressure  drop  of 
the  fluid  through  the  restriction  Ls  proportional 
to  the  velocity  iz.imed.  When  the  fluid  reaches 
point  Ihe  kinesie  energy  is  a  ca  m  converted 

to  potential  energy.  At  point  ,'2*  the  fluid 
velocity  decreases,  and  the  pressure  of  the  fluid 
increases, 

This  relationship  holds  true  for  subsonic  flow 
Of  gases.  In  the  convergent  nozzle  in  figure  4-5 


A}  the  speed  Will 


up  to  the  speed  of 


sound,  depending  on  the  degree  of  convergence* 
Such  nozzles  are  often  used  on  subsonic  turbo¬ 
jets,  it  has  been  found  that,  with  a  nozzle  Of 

thl&  type*  if  the  internal  pressure  Of  the  com¬ 
bustion  chamber  is  more  than  about  1.7  times 
the  external  pressure,  an  excess  jressure  re¬ 
mains  in  the  gases  after  they  lea Vt  the  nozzle, 
This  excess  pressure  represents  wasted  energy* 
The  performance  of  combustion  systems  using 
this  type  of  nozzle  is  therefore  limited. 

In  the  divergent  nozzle  in  figure  4-5B, 
gases  at  subsonic  speeds  will  slow  down,  de¬ 
pending  on  the  degree  of  divergence. 

Gases  at  aiper sonic  (faster  than  sound) 
speed  behave  differently.  As  these  gases  pass 

through  the  divergent  nozzle,  their  velocity  is 

because  of  their  high  state  of 
compression.  The  drop  in  pressure  at  the  point 

if  ri i vpr c one i ■  causes  an  instantaneous  release 
Of  Kinetic  energy,  which  imparls  additional 

speed  to  the  gases.  To  obtain  supersonic  exhaust 
velocity,  the  Del, aval  nozzle,  fi^are  4-5C,  is 
commonly  used.  This  nozzle  fir  hi?  converges 
to  bring  I  he  subsonic  flow  up  to  the  speed  of 
sound.  Then  the  nozzle  diverges*  allowing 
the  gases  to  expand  and  produce  supersonic  flow. 

The  P r andtl  nozzle  (fig,  4-5D)  is  more  ef¬ 
ficient  than  the  straight- coned  De Laval  nozzle 
but  ia  more  difficult  to  engineer  and  produce, 
ft  increases  the  rate  of  flow  at  a  higher  rate 
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Figure  4-4.— Fluid  flow  through  a  restriction. 
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Figure  4 -5. —Gas  flow  through  nozzle  si  A.  Sub¬ 
sonic  flow  through  a  convergent  nozzle;  B  ,  Flow 
through  a  divergent  nozzle;  C.  Convergent- 
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than  the  normal  convergent -divergent  type. 
The  shape  of  the  nozzle  determines  the  char¬ 
acteristic  of  gas  flow,  which  must  be  smooth, 
Gther  nozzles  o£  Increasing:  importance  are 
the  adjustable  area  type  in  which  tnc  nozzle  arcs 
la  varied  to  suit  vary  in-,  combustion  environ¬ 
mental  conditions  . 

The  best  size  for  the  no z lie  throat  is  dif¬ 
ferent  for  different  propellants*  in  each  case, 
the  best  size  has  to  be  determined  by  experi¬ 
ment  and  calms  la  tlon*  The  nozzle  must  bc- 
desi^med  for  a  specific  set  of  propellant  and 
combustion  characteristics  to  obtain  higher 
velocity  and  increased  thrust.  The  area  of 
the  throat  section  is  determined  by  the  w<  lght 
rate  of  flow.  The  area  at  the  exit  of  the  di¬ 
vergent  cone  Is  determined  by  the  desired  ratio 
of  expansion  of  (he  gases  between  throat  and 

C3£it. 

FUEL  SUPPLY 

The  fuels  and  oxidizers  used  to  power  a  jet 
engine  are  called  propellants.  The  chemical 
reaction  between  fuel  and  axldizer  in  the  com¬ 
bustion  chamber  of  a  jet  engine  produces  larjre 
quantities  of  high-pressure  high- temperature 
gases.  When  these  gases  are  channeled  through 

an  exhaust  nozzle,  a  large  part  of  the  heat 
energy  they  contain  Is  converted  into  kinetic 
energy  to  propel  the  missile.  When  you  read 
of  an  engine  that  can  travel  faster  than  a  gun 
projectile,  operate  in  a  vacuum,  deliver  a 
great  deal  more  energy  than  a  reciprocating 

engine,  and  do  so  with  a  feworno  moving  parts, 

you  may  get  the  idea  that  some  very  complex 
chemical  mixture  is  used  as  the  propellant. 
This  is  not  so*  Jet-propulsion  engines  can 

Operate  on  such  fuels  ,13  kern  sc  no,  gasoline, 
Alcohol,  gunpowder*  and  coal  dust. 

However*  in  the  search  far  an  ideal  propel¬ 
lant,  many  Camp  lex  fuels  have  been  tried.  A 
mere  listing  takes  uj:  a  whole  page  in  the  en¬ 
cyclopedia,  The  search  goes  on  for  mo  re  power¬ 
ful  propellants,  particular!;;  for  boosting  space 
vehicles.  For  example,  liquid  hydrogen  ! which 
becomes  liquid  at  -12.3^  F  below  zero  or  -252'  C ), 
when  mixed  with  liquid  oxygen  in  a  rocket 
engine,  produces  about  35  percent  more  thru  ST 
than  the  kerosene  type  fuels  now  used.  It 

will  be  used  to  propel  Centaur  and  other  un¬ 
manned  earth  orbital  and  interplanetary  flights 
as  well  as  upper -stage  rockets  now  being 

developed  for  manned  lunar  landings.  Fluo¬ 
rine  is  being:  stud  Led  as  an  oxidizer  to  help- 

produce  more  thrust* 


With  regard  to  their  physical  slate,  pro¬ 
pellants  may  be  either  solids,  liquids,  gases,  or 
various  combinations  of  these*  However,  gases 

arc  rarely  used  as  missile  propellants,  for  two 

reasons.  First,  liquids  or  sal  ids  have  :i  higher 

density  than  most  era  ses,  oven  when  the  latter  s.ra 
highly  compressed;  thus  a  Larger  quantify  of 
solid  or  liquid  propellant  ran  be  carried  in  a 
given  space*  Second,  a  greater  energy  trans¬ 
formation  results  when  a  substitute -goes  f  ro  n  1 
solid  or  liquid  to  gas  than  results  when  a  gas 
is  merely  accelerated  to  a  higher  velocity* 


Rating  or  Comparing  Propellants 


Several  means  have  been  worked  exit  for 
rating*  or  dwnpr-.  r  mg ,  various  rocket  fuels 
{propellants).  Comparison  is  made  by  deter¬ 
mining  total  impulse.  Total  impulse  is  the 
product  of  the  thrust  in  pounds  times  burning 
lime  in  seconds.  Or, 

iT  (Total  Impulse  In  lb-see  )  = 

r  Thrust  in  lbs)  xr  (Chi  rati  on  in  sees)* 


Solid  proDs Hants  are  rate*!,  or  compared, 
on  the  basis  of  SPECIFIC  IMPULSE,  the  amount 
of  impulse  produced  by  one  pound  of  the  pro¬ 
pellant. 

in  pound- seconds  per  pound,  this  is  equal 
to  the  total  impulse  divided  by  the  weight  of 
the  propellant.  Stated  a*  a  formula,  it  is: 


I 


T 


Impulse  in  Ib-sec/lb) 


Total  Impulse  in  lb- sec] 


W  (Weight  of  Solid  Fuel  in  lbs) 


A  common  method  of  comparing  liquid  pro¬ 
pellants  is  an  the  bah? Is  of  specific  thrust. 
Specific  thrust  is  equivalent  t  j  specific  impulse 
lor  solid  propellants  but  is  derived  in  a  slightly 
different  way.  5p frr 1  j  i  c  thrust  is  defined  as  the 
thrust  in  pounds  divided  by  the-  weight  rate  of 

flow  of  fuel  in  pounds  per  second,  OrT 


T  'Specific  Thrust  an  lb  Ei/Ib/sec ) 

sp 

T  (Thrust  in  lbs) 

— — ^ 

w  (Weight  Rate  0'  Flow  in  lb,  per  sec) 


Specific  thrust  is  frequently  expressed  Sri 
s  e  coird  s  * 


Chapter  4^  MISSILE  PROPULSION  SYSTEMS 


Specific  propellant  consumption  is  the  re¬ 
ciprocal  of  specific  thrust:  it  is  t tie  rate  Of 
propellant  flow,  in  pounds  per  second,  required 
to  produce  one  pound  of  thrust.  Or, 


Specific  Propellant  Consumption 

Weight  It  ate  of  Flow  "lbs/ sec  1 

Thrust  (lbs) 


Other  Terms  you  should  know  are  mixture 
ratio  and  exhaust  velocity* 

Mixture  ratio  designatas  the  relative  quan¬ 
tities  of  oxidizer  and  fuel  used  in  the  propellant 
combination*  It  is  numerically  equal  to  the 
weight  of  oxidizer  flow  divided  by  weight  of 
fuel  flow*  Exhaust  velocity  is  determined 
theoretically  on  the  basis  of  the  energy  content 
of  the  propellant  combination*  The  actual  ve¬ 
locity  of  the  exhaust  gases  is  of  course  less  than 
this  theoretical  value  since  no  ie:  engine  can 
completely  convert  the  energy  content  of  the 

propellant  into  exhaust  velocity.  Thus,  effec¬ 
tive  exhaust  velocity  is  sometimes  used  and  is 
determined  on  the  basis  of  thrust  and  propellant 
flow?: 

Effective  Exhaust  Velocity  = 


asphalt -potassium  perchlorates,  black  powder 

with  ammonium  nitrate,  and  other  recently 
developed  combinations.  Perfluoro-type  pro¬ 
pellant  a t  and  aluminum  or  magnesium  metal 
components  combined  with  an  oxidant  have  given 
higher  specific  Impulse  than  other  combinations*. 
The  finished  product  takes  the  $Eia.pe  of  a  grain, 
or  .stick*  A  charge  may  be  made  up  of  one 
or  more  grains.  Combustion  of  solid  propel¬ 
lants  will  be  discussed  later  in  this  chapter. 

An  ideal  solid  propellant  would: 

1*  Have  a  high  specific  impulse* 

2.  Be  easy  to  manufacture  from  available 
raw  materials. 

3.  Be  safe  and  easy  to  handle. 

4.  Be  easily  stored. 

b,  Bo  resistant  to  shock  and  tempo  rat  lire 

changes* 

6.  Ignite  and  bum  evenly. 

7*  Be  non- water _ absorbent  faorihygrO** 

scopic}. 

0,  Be  smokeless  and  flashless. 

9.  Have  an  indefinite  service  live. 

It  is  doubtful  if  a  single  propellant  having 
all  of  these  qualities  will  ever  be  developed, 
dome  of  these  characteristic h  are  obtained  at 
the  expense  of  others*  depending  on  the  per¬ 
formance  desired. 


Thrust  (lbs  ; 


Liquid  Propellants 


Mass  Rate  of  Flow  (lbs,  sec  ) 


Solid  Propellants 

Solid  propellants  are  of  two  types*  One 
of  the  ho  consists  of  a  fuel,  such  as  a  hydro¬ 
carbon,  mixed  with  a  chemical  capable  of 
releasing  large  quantities  of  oxygen  :a  chlorate 
Or  a  nitrate,1*  A  second  type  consists  of  a 
compound,  nitrocellulose,  for  example,  that 
releases  large  quantities  of  gases  and  heat  when 
it  decomposes.  When  mixed  with  additives  (m 
small  quantity  as  stabilizers},  this  type  is  called 
a  double-base  propellant.  It  is  used  most  for 
small  rockets, 

GJ  course  it  is  possible  to  combine  the  two 
types  in  a  single  propellant  mixture  called  a 
composite  propellant.  This  if?  the  type  most 
used  for  missile  propellants. 

The  Ingredients  of  a  solid  propellant  arc 

mixed  so  as  to  produce  a  solid  of  specified 

Chemical  and  physical  eharact eristic®.  Some 
examples  ol  materials  used  in  making  solid 
propellants  are  asphalt -oils,  nitroglycerin, 


The  liquid  propellants  are  classified  as 
naonopropellants  or  as  bipropellants. 

Monopropellants  are  those  which  contain 

within  themselves  both  the  fuel  and  oxidizer  and 


ore  capable  of  combustion  as  tk.ey  exist,  Bi¬ 
prop  e  Hants  are  those  in  which  the  fuel  ntid 
oxidizer  are  kep:  physically  separated  until  they 
ire  injected  into  the  combustion  chamber.  An 
example  of  a  munopr  ope  Ham  would  be  the 
mixture  cf  hydrogen  peroxide  and  ethyl  alcohol; 
an  example  of  a  bipropellant  would  he  liquid 
oxygen  and  kerosene. 

When  oxygen  or  an  oxygen -rich  chemical  is 

used  is  an  utilizer,  the  best  liquid  fuels  appear 
to  be  those  rich  in  both  carbon  and  hydrogen. 

In  addition  to  the  fuel  and  oxidizer,  a  liquid 
propellant  may  also  contain  a  catalyst  to  increase 
Hie  speed  of  the  reaction,  A  catalyst  is  a  sub¬ 
stance  used  to  promote  a  chemical  reaction 

between  two  or  more  other  substances. 


inert  additives  which  do  not  take  part  tp  the 
chemical  reaction  are  sometimes  combined  with 
liquid  fuels.  An  example  is  water,  which  is 

often  added  whet;  alcohol  is  used  as  a  fuel. 
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Although  It  does  not  take  part  m  the  Chemical  the  missile  and  cause  erratic  bebai'ior,  Some 
reaction,  the  water  does  provide  additional  liquid  propellants  will  react  spontaneously  if 
particles  which  contribute  to  a  higher  thrust  subjected  to  pressures  above  their  limit.  Solid 
by  increasing  the  rate  of  mass  flow  through  propellants  also  have  pressure  limits  ljul  they 


are  much  higher  than  for  liquid  propellants. 


the  system, 

Most  liquid -fuel  rockets  use  the  bipropel* 

Lant  type  liquid  fuel*  as  ft  is  less  likely  to  SPECIAL  PARTS 
react  to  shock  and  heat  than  monopropellaxits. 

When  separated,  as  they  are  before  entrance  In  addition  to  the  combustion  chamber, 
into  the  combustion  chamber,  the  fuel  and  exhaust  nozzle.  and  fuel  supply,  which  all  re- 
oxidizer  are  generally  incapable  of  chemical  action  type  engines  must  have,  liquid- fuel  on- 
reaction.  BiprcycllMDts  which  ignite  apontane*  gines  also  use  injectors  and  igniters,  and 
ousLv  upon  contact  with  each  other  arc  culled  air- breath irjc  missiles  must  have  a  diffuser  or 
hyperbolic.  An  example  is  Di mazing  (un-  intake  duct,  where  the  high-speed  air  is  con- 
symmetrical  di meth y lhy d ra z\ ne  i-DMH)),  or  verted  into  low-speed,  high-pressure  gas  for 


A  e- mzine  50.  used  in  Titan  I!  and  Ill  with  nitro 


enlrv  into  the  combustion  chamber  as  an  oxi 


gen  tetroxide  ag  oxidtzer,  Those  which  re-  anting  element, 

quire  the  addition  of  energy'  (electric  spark, 

igniter,  or  other)  to  cause  chemical  reaction  Injectors 


ire  said  to  be  diergolic 


c  pro 


pe Hants  ars  jellied  substance:;  with  metallic 


The  injector  is  similar  in  function  to  the 


substances  uluimnum)  suspended  In  them,  which  carburetor  in  a  reciprocating  engine.  It  vapor- 


greatly  increases  the  propellant  density 


iz cs  and  mixes  the  fuel  and  oxidizer  in  the 


the  specific  impulse  of  the  liquid  engine.  There  proper  proportions  for  efficient  burning: 


Hire  a  la  rye  number  of  liquid  fuels  but  there 


Figure  4-6  shows  schematic  sketches  of 


arc  few  Known  practical  oxidizers.  Some  highly  three  types  <>i  injectors.  In  tfte  multiple- bole 
effective  oxidants  are  too  dangerous  to  store  impingement  type  (fig.  4-6AI,  oxidizer  and  fuel 
and  handle.  are  injected  through  an  arrangement  of  separate 

While  solid  propellants  arc  stored  within  holes  in  such  a  way  that  the  jot- like  streams 
the  combust  ion  chamber,  liquid  propellants  are  intersect  each  other  at  some  predetermined 
stored  In  tanks  and  Injected  into  the  combust  ion  point,  where  the  fuel  and  oxidizer  mix  and 
chamber.  In  general,  liquid  propellants  provide 
longer  burning  time  than  solid  propellants. 


break  up  into  vapor -like 


A  spray 


injector  (fig.  4 -SB)  has  oxidizer  and  fuel  holes 
have  a  further  advantage  in  that  combos-  arranged  in  circles,  so  as  to  produce  conical 
tion  can  be  easily  stopped  and  started  at  will  or  cylindrical  spray  patterns 
by  controlling  the  propellant  flow. 

An  ideal  liquid  propellant  would: 


1  flu  rsect 

within  the  chamber.  The  non  impinging  injector. 

In  the  lower  sketch  in  figure  4-5,  is  one 
1,  Be  easy  to  manufacture  from  available  in  which  the  oxidizer  and  fuel  do  not  impinge  at 


raw  materials. 


any  specific  point,  but  arc  mixed  by  the  lur- 


2.  Yield  a  high  heat  of  combustion  per  unit  bulencc  within  the  chamber. 


weight  of  mixture. 

3.  Have  a  low'  f reeling  point, 

4.  Have  a  high  specific  gravity. 

5.  Have  low  toxicity  and  corrosive  effects- 

6.  Have  stability  in  storage. 


Ignition  Systems 


Unless  the  fuel  and  oxidizer  form  a  com¬ 
bination  that  ignites  spontaneously,  a  separate 


1,.  Have  low  molecular  weight  of  the  react  ton  ignition  system  must  b#  provided  fo  Initiate 


products. 


the  reaction.  Th»-  Igniter  must  be  located  with in 
the  combustion  chamber  (fig.  4-2)  at  u  point 


8.  Have  a  low  vapor  pressure. 

As  with  the  solid  propellants,  it  is  unlikely  where  it  will  receive  a  satisfactory  starting 

that  all  oi  these  characteristics  can  be  com-  mixture  that  ignites  readily.  If  either  fuel  or 


bined  in  a  single  fuel. 


oxid ixer  a  c  cu  rmi  Utes  ex ce  $  s  ivel  v  in  i  he  cha  mb er 


Two  disadvantages  oi  liquid  propellants  are  before  ignition  begins,  munc  at  rolled  explosion 
the  low  pressure  limits  of  some  of  them,  and  may  result.  In  some  systems,  ignition  Is  brought 
the  problem  of  sloshing  of  the  liquid  in  the  about  by  a  spark  plug  fig.  4-2)  similar  to  those 
tanks,  which  can  shift  the  center  of  gravity  of  used  in  reciprocating  engines.  An  electric 
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j/;  Dm,  *■ 


FLU 


igniter  Squib  type  is  shown  in  figure  4-7.  A 
powder*  charge  ignition  system  (Ctg- 4-7 often 
used  for  solid-fuel  rockets*  It  consists  of  a 
powder  squib  which  can  be  ignited  electrically 
from  a  safe  distance;  it  burns  for  a  short  time,, 
with  a  flame  hot  enough  to  ignite  the  main 


propellant 


uses  a 


A  catalytic  ignition  system 

catalytic  agent  that 


brings  about  chemical  decomposition  of  the 

propellant. 


Diffusers 


FUEL 


OXIDIZE* 


OKI  &I2SR 


COWYERCEHT  CONE 

DIVERGENT  COSE 


FUEL 


0*1  011 


344.20 

Figure  4-G.~Typ*s  o£  injectors  In  liquid-fuel 

rockets:  A*  Multiple  hole  impingement  in¬ 

jector;  B.  Spray  injector;  C,  Non -Impinging 
injector. 


The  purpose  of  the  air  intake  and  diffusion 

system  is  to  decelerate  the  velocity  of  the  air 
from  its  free  stream  speed  (fig*  4-2 )  to  the 
:lesired  speed  at  the  entrance  ;f  the  combust  ton, 


chamber  with  a  minimum  of  pressure  loss.  As 
mentioned  above*  only  air-breathing  engines 
need  diffusers.  Diffusers  are  of  two  general 

types:  subsonic*  and  supersonic*  Diffusers  are 
illustrated  in  the  section  on  ramjet  engines, 


C HAWSER  WALL 


Electric  uniter 

SQU I B 


PROTECTIVE 

DIAPHRAGM 


FILAMENT  OR 

WIRE 


SLACK  POWDER 


SLACK  POWDER 


ICMPER* 


144 .2 1 

Figure  4-7,— Types  of  igniters-  A*  Electric 
igniter  squib  type:  B.  Black  powder  charge 

igniter . 


7B 


PRINCIPLES  OF  GU  ID  ED  11155}  LES  A  ND  NU  CLEAR  W  hi  A  PONS 


SUBSONIC  DIF  FUSER  5. -Subsonic  diSUse  rs 
may  be  internal  compression  diffus-ers  or  ex¬ 
ternal  compression  diffusers.  Although  the 
principles  are  known,  no  completely  successful 
external  compression  diffuser  has  been  de¬ 
veloped.  Velocity  dec  reuse  n.t  m  point  external 
to  the  air  inlet  would  per  mil  simplification  of 
the  air  diffuser  design. 

An  Internal  compression  diffuser  is  a  duct 
located  at  the  forward  end  of  the  engine  between 
the  air  intake  and  the  injector,  Between  these 
two  points,  the  diameter  of  ihe  duct  increases 
(fig.  4- II  A),  and  as  a  result*  die  velocity  of  the 
atr  decreases  and  the  pressure  increases.  If 
the  pressure  change  is  to  be  kept  small,  the 

diffuser  length  must  be  increased.  Too  great 
a  length  could  result  in  pressure  losses  due  to 
skin  friction,  so  a  compromise  value  usually 
has  to  be  used, 


A  T  m  rs  PH  E  ft  It  J  E 1  '$ 


G E NER  A I 


Any  jet-propelled  system  that  obtains  oxygen 
from  the  e ur rounding  atmosphere  to  support 
the  combustion  of  its  fuel  is  an  atmospheric 
jet  engine.  Pulse’ets,  ramjets,  turbojets*  and 
turboprop s  are  all  uE  this  type,  although  the 
latter  are  not  used  in  guided  missiles.  Ob¬ 
viously*  the  operation  Of  these  engines  is 
limited  by  ;he  amount  c l  oxygen  available,  and 

can  operate  only  at  altitudes  where  the 
oxygen  content  of  the  air  is  adequate, 
upper  limit  of  operation  depends  on  the  type  of 

design  of  ilse  particular  engine- 

The  first  successful  application  of  atm os- 

sets  to  missile  propulsion  was  the 
uul$e;et  -Jit. L»c  Jilt'd  in  the  German V-l  missile* 


SUPERSONIC  DIFFUSERS.— At  supersonic 

speeds  the  intake  air  must  be  reduced  to  sub¬ 
sonic  speed  with  a  minimum  loaf  of  pressure*  A 
problem  of  diffusion  at  supersonic  speeds  is  the 
production  of'  shock  waves  at  the  inlet.  Super¬ 
sonic  diffuse r »  may  bt  classified  as:  (I)Normal 
shock  (fig.  4-11B  );  <2 '  converging- diverging; 
and  (3)  conical  or  *  'Spike1'  diffusers,  also 
Called  "center  bodyf'  diffuser  (fig,  4-1 1C ).  In 
a  normal  shock  diffuser,  a  diverging  duct  ns 
used,  which  reduces  the  diffusion  process  to  two 
steps.  The  normal  shock  wave  at  the  input 
section  reduces  the  velocity  t:o  approximately  the 
speed  of  sound-  then  the  air  is  diffused  to 
subsonic  speeds  in  the  diverging  duct. 

The  con  verging -diverging  diffuser  principle 
is  similar  to  that  of  the  DeLaval  nozzle  (fir. 

4-5CJ  except  that  the  process  is  in  reverse, 
also  in  two  steps.  While  the  supersonic  air 

stream  is  passing  through  the  converging  portion 
of  the  duel,  its  velocity  is  decreased  to  The  speed 
of  sound  (Bernoulli’s  theorem )„  Hs  velocity  is 
further  decreased,  to  the  desired  velocity, 
while  it  is  passing  through  the  divergent  portion 
of  the  diffuser. 

in  the  "center  body"  diffuser  fflg.  4-11C), 

a  conical  nose  or  spike  is  placed  inside  the 
diffuser  assembly.  When  the  supersonic  flow 
of  air  approaches  the  cone,  a  conical  shock 
wave  is  formed  and  the  super  sonic  flow  through 
this  shock  field  is  slowed  to  subsonic  velocity. 

L 

The  diffusion  is  completed  in  the  subsonic 
portion  of  the  diffuser.  This  type  of  diffuser 
is  used  on  ramjets  traveling  at  speeds  of 

Mach  2  or  greater. 


PULSEJET 

Pulsejet  engines  art  so  called  because  of 
the  intermittent  or  pulsating  combustion  proc¬ 
ess,  A  Uhoti gh  pu  ]  sc]  et  e ngt ne  s  we  r  e  used  by  th e 

U.S.  Navy  to  propel  an  early  missile*  they  are 
now  considered  obsolete,  and  we  will  given  them 
only  brief  treatment  here,  to  explain  the  princi¬ 
ples  of  their  operation. 

Figure  4-6  illustrate 9  the  fundamental  con¬ 
st  ruction  of  the  pulse  Jet,  The  principal  parts  of 
a  pulse  jet  are  the  diffuser,  grill  assembly  (con¬ 
taining  air  valves,  air  injectors,  and  fuel  in- 

jectorsl,  the  combustion  chamber*  and  the  tall 
pipe  (exhaust  nozzle’.  The  DIFFUSER  is  a  duct 
of  varying  Cross  section  al  the  forward  end  of 
the  engine,  between  the  air  intake  and  the  grill. 
B etwe en  these" wo  p oi r.r s  1 1 1 e  dm met -r  me r on ses ; 

as  a  result,  the  velocity  of  air  enter  lug  the 
diffuser  decreases,  and  its  pressure  increases. 

The  grill  assembly  carries  the  fuel  injectors, 
injectors  for  starting;  air,  and  the  air- intake 
'flapper''  valves*  The  latter  arc  spring;  loaded* 
and  are  normally  closed,  SO  as  to  completely 
block  off  the  diffuser  from  the  combustion  cham¬ 
ber.  Air  and  fuel  mixed  in  the  combustion 
chamber  arc  ignited  initially  by  a  sparkplug; 
thereafter*  the  mixture  Is  ignited  spontaneously. 

The  tailpipe  is  of  uniform  cross  section  and,  tor 

a  given  engine  diameter,  has  a  specific  optimum 
length* 

Operating  Cycle 

As  the  engine  moves  through  the  air,  ram-air 
prefigure  builds  up  Ln  the  diffuser.  When  IMs 
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pressure  exceeds  that  oi  the  combustion  eham-  than  that  of  the  inlet  air.  The  resulting  pres  sure 
ber  and  the  valve  spring,  the  valves  open  and  differential  creates  a  thrust  in  the  direction  oi 
air  enters  the  combustion  chamber,  Fuel  is 

t  hen  i  n  j  er  tc  d,  and  t  he  air  -fuel  mixtu  r  e  Is  ignit  ed 


by  a  spark  plug.  The  fuel  and  air  pass  through 
venturis  (fig*  4-B),  which  atomize  the  fuel  and 

mix  it  thoroughly  with  the  air,  so  It  ignites  combustion  chamber.  The  ram  pressure  in  the 


flight. 

Because  of  the  speed  with  which  the  com¬ 
bustion  gases  rush  down  the  tailpipe,  they  over¬ 
expand  and  produce  a  partial  vacuum  within  the 


readily. 

The  burning  fuel  rapidly  produces  combus¬ 
tion  gases  that  create  a  pressure  of  25  to  35 
psi  in  the  combustion  chamber.  The  spring- 
loaded  air  intake  valves  -fig.  4-9)  in  the  grill 
assembly  prevent  These  gases  from  escaping 
forward. 

As  the  pressure  in  the  combustion  chamber 


diffuser  then  exceeds  the  pressure  In  thecha m- 

ber,  the  flapper  valves  Open  {fig.  4-&B),  and 

fresh  supply  of  air  enters  the  chamber.  Because 
of  the  decrease  in  pressure,  the  pressurised 
fuel  system  is  able  to  inject  a  fresh  supply  of 
fuel.  A  a  a.  result  of  the  partial  vacuum,  a  por¬ 
tion  of  the  hot  exhaust  gas  is  drawn  back  into  the 

chamber;  the  temperature  of  this  gas  is  high 

enough  to  ignite  the-  air -fuel  mixture,  and  a  new 


rises,  it  exceeds  the  pressure  in  the  fuel  sys-  cycle  begins.  Note  that  the  spark  plug  ignition 


tem,  and  automatically  shuts  off  the  flow  of  fuel, 

The  flaming:  gases  rush  down  the  tailpipe  and  ins,  its  combustion 
exhaust  to  the  atmosphere  at  a  ;:peed  greater  (similar  to  a  diesel  engine). 


is  required  only  to  start  the  engine;  after  start- 

is  Self-Sustaining 
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CKW&  ER 


TAIL  PIPE 


GRILL  ASSEMBLY 


DIFFUSE  R 


VENTURIS 


FUEL  LINE 


Figure  4 -ft, —Cross  eduction  of  a  pulse  jet  engine 
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Figure  4-9.— Air  intake  valve  used  in  pulse  jet  engine,  frogs -sectional  view: 

A.  Open;  B,  Closed. 
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PRINCIPLES  OF  GUIDED  MISSILES  AND  NT  CLEAR  UT  A  PONS 


The  frequency  of  the  combustion  cycle  in  the 

resonant  frequency  of  the  combustion  chamber 
and  tailpipe.  A  formula  for  resonant  frequency 
of  a  closed  pipe  is: 


Frequency— 


Velocity  of  sound 
A  >:  length 


The  frequency  of  various  pulse  jet  engines 

that  have  b&en  used  in  the  past  ranges  from 
about  &0  to  over  200  cycles  per  second,  It  was 
this  Intermittent  cycle  which  gave  the  name 
*rbuxz  bomb"’  to  the  German  V-l  rocket. 


Limitations  o£  Pulse:  ets 


One  of  the  disadvantages  of  pulsejeU  is;  than, 
at  the  instart  of  launching,  there  is  no  ram 
pressure  in  the  diffuser.  For  that  reason,  must 
pulgejeis  are  incapable  of  developing  enough 
static  thrust  to  take  off  under  their  own  power* 

They  are  therefore  launched  with  the  help  of 

compressed  air  injected  into  the  chamber  along 

with  the  fuel,  or  from  a  catapult,  or  with  booster 
rockets,  or  by  a  ro mbinat inn  of  these  means* 
The  speed  of  a  pulse  jet  is  limited  to  the  low 

subsonic  range  because  at  higher  speeds  the  ram 

pressure  developed  in  the  diffuser  exceeds  the 

chamber  pressure  at  all  times  throughout  the 
combustion  cycle?  the  flapper  valves  therefore 
cannot  close,  and  the  cycle  cannot  maintain  it¬ 
self,  Also,  this  type  of  engine  has  slow  efficiency 
index  because  its  fuel  consumption  rate  is  high. 


TURBOJETS 


A  turbojet  engine  is  an  air -dependent  thermal 
jet- propulsion  device.  It  derives  lit  name  from 
the  iac:  that  its  compressor  is  driven  by  a  tur¬ 
bine  wheel,  which  is  itself  driven  by  the  exhaust 

gases*  Turbojets  may  be  divided  into  two  types, 

depending  on  the  type  of  compressor*  These 

are  centrifugal -flow  turbojets  fig.  4- IGA}  and 
axial-flow  turbojets  [fig*  4-1  OB;.  Both  types 

are  the  same  in  operating  principles* 
Component^  of  Turbojets 

Thf-  major  components  of  both  types  of  turbo¬ 
jets  are  an  accessory  section*  compressor  sec¬ 
tion,  combustion  section,  and  exhaust  section, 
The  accessory  section  serves  as  a  mounting 
pad  for  accessories,  including  the  generator, 
hydraulic  pump,  starter,  and  tachometer,  for 

various  engine  components,  such  as  units  of  the 


fuel  and  ail  systems*  and  for  the  front  engine 
balancing:  support. 

The  primary  function  of  the  compressor 

section  is  to  receive  and  compress  large 
masses  of  air,  and  to  distribute  this  air  to  the 
combustion  chambers:.  The?  centrifugal  com¬ 
pressor  consists  Of  a  stator,  often  referred  to 
as  a  diffuser  vane  assembly,  and  a  rotor  or 

impeller  {sec  fig'.  4-1  CIA),  The  rotor  consists 

of  l3  series  of  blades  which  extend  radially  from 


the  axis  of  rotation*  A&  the  rotor  revolves, 
air  is  drawn  in,  whirled  around  by  the  blades, 
and  ejected  by  centrifugal  force  at  high  velocity* 
The  statos1  consists  Of  diffuser  vanes  that 
compress  'he  air  and  direct  ir  into  the  various 


firing  chambers* 


Air  leaves  the  impeller 


wheel  at  high  velocity.  As  it  passes  through 

the  diffuser  vanes  it  enters  a  Larger  space;  its 
velocity  therefore  de crease s  and  its  pressure 


increases . 


The  axial  compressor  is  similar  to  a  pro¬ 


peller. 


The  rotor  consists  of  a  Scries  of 


blades  set  at  an  anele,  extending  radially  from 


the  central  axis. 


As  the  rotor  of  the  axial 


compressor  turns,  the  blades  impart  energy 
of  motion  in  both  a  tangential  and  axial  direc¬ 
tion  to  the  ram  air  entering  through  die  front 

of  the  engine.  The  stator  does  not  rotate*  Its 

blades  are  set  at  an  angle  so  as  to  turn  the  air 

thrown  off  the  trailing  edge  of  the  first-stage 

rotor  blades  and  redirect  it  into  the  path  of 

second -stage  rotor  blades*  One  rotor  and 
one  siatnr  comprise  a  single-stage  compres¬ 
sor.  A  number  of  rotors  and  srators  assem¬ 
bled  alternately  make  up  a  multistage  com¬ 
pressor,  as  in  figure  4*-10B. 

In  a  multistage  compressor,  air  from  the 

first  row  of  compressor  blades  le  accelerated 


and  forced  into  a 


space.  The  added 


velocity  gives  the  air  greater  impact  force. 
This  compresses  the  air  into  a  smaller  space* 
causing  its  density  to  increase.  The  increase 

in  density  results  m  a  corresponding  increase 

in  static  pressure*  This  cycle  of  events  is 

repeated  in  each  successive  stage  of  the  com¬ 
pressor*  Therefore,  by  increasing  rhe  number 

of  stages,  the  final  pressure  can  be  increased 
to  almost  any  dcglrcd  value* 

The  axial-flow  turbojet  is  longer  than  the 

centrifugal- flow  type*  but  has  a  smaller  frontal 

area,  and  therefore  is  more  streamlined,  The 
centrifugal  compressor  is  s  Impler  than  the  axial 

and  has  a  higher  pressure  ratio  per  srage*  The 

axial- flow  compressor,  however,  has  a  higher 
per  stage  efficiency* 
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burners  arc-  convergent  to  increase  the  velocity 

of  the  gases  Just  before'  they  pass  through  the 

nozzle  diaphragm.  The  flame  crossover  tube 
connects  one  chamber  to  the  next,  allowing  ig¬ 
nition  to  occur  in  all  chambers  after  the  two 
chambers  containing  sparkplugs  have  fired. 

The  exhaust  section  consists  primarily  of  a 
nozzle  and  an  inner  cone.  This  assembly 
straightens  out  the  turbulent  flow  of  the  ex¬ 
haust  gases  caused  by  rotation  of  the  turbine 

wheel,  and  conveys  these  gases  to  the  nozzle 

outlet  tn  a  more  perfect  and  concentrated  gas- 
flow  pattern. 

The  exhaust -nozzle  diaphragm  is  composed 
of  a  Large  number  of  curved  blades  standing 
perpendicular  to  the  flow  of  combustion  gases 
and  arranged  in  a  circle  in  front  of  the  turbine 
wheel,  By  acting  as  both  a  restrictor  and  a 
director,  this  diaphragm  increases  the  gas 
velocity.  Its  primary  function  is  to  change  the 
direction  Of  the  gases  so  that  they  strike  the 
turbine- wheel  vanes  at,  or  nearly  at,  a  90* 
angle.  The  impact  of  the  high-velocity  gases 
against  the  buckets  of  the  turbine  wheel  causes 
the  wheel  to  rotate.  The  turbine- wheel  shaft 
is  coupled  to  the  compressor- rotor  assembly 
shaft.  Thus,  part  of  the  energy  of  the  exhaust 

gases  i k  transformed  and  transmitted  through 

the  shaft  to  operate  the  compressor  and  the 
eng  in  e -driven  accessories. 
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Cross- sectional  views  of  turbo - 
rifugal:  B,  Axial  -flow  turbo  jet* 


Figure  4-10 
jets:  A,  Ci 


rhe  combustion  section  includes  combustion 
chambers,  sparkplugs,  a  nozzle  diaphragm  h  an-:l 
a  turbine  wheel  and  shaft.  T  h  e  c  ombust  i  on  cha  ::  ]  - 

bers,  or  burners,  in  bath  types  of  turbojet 
enginefl|  ft&vt  the  same  function  and  produce  the 
same  results.  They  differ  in  size  and  number, 
depending  on  the  type  of  engine.  Each  combus¬ 
tion  chamber  has  the  following  parts:  outer  com¬ 
bustion  chamber,  inner  liner,  inner  liner  dome. 
Tame  crossover  tube,  and  fuel- injector  nozzle. 

The  outer  combustion  chamber  retains  The 

air  so  that  a  high -pressure  supply  Is  available 
to  the  inner  liner  at  all  times.  This  air  also 
serves  as  a  cooler  jacket-  The  inner  liner 
houses  the  area  in  which  fuel  and  air  are 
mixed  and  burned.  Many  round  holes  in  the 
inner  liner  allow  the  air  to  enter  and  mix  with 

the  fuel  and  high-temperature  combustion  gases. 
The  forward  end  of  the  inner  Liner  is  allowed 
to  slide  over  the  dome  to  accommodate  expan¬ 
sion  and  contraction.  The  after  end  af  the 


The  operation  of  a  turbojet  may  be  sum¬ 
marized  as  follows:  The  rotor  unit  of  the 
compressor  is  brought  up  to  maximum  allow¬ 
able  speed  by  the  starter  unit,  which  is  geared 
to  the  compressor  shaft  for  starting.  Air  is 

drawn  in  from  the  outside,  compressed,  and 
directed  to  the  combustion  chambers.  Fuel  is 

Injected  through  the  fuel  manifold  under  pres¬ 
sure ,  and.  mixes  with  the  aar  in  the  combustion 
chambers.  Ignition  occurs  first  tn  the  cham¬ 
bers  containing  the  spark  plugs,  and  then  in 
the  other  chambers  an  instant  later  by  way  of 

the  flame  crossover  tubes.  High-pressure 
combustion  gases  end  coolant  air  pass  through 

the  exhaust  jjcizzle  dlfljnfrraum  aril  .*» Hka  fho 
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to  operate  the  compressor.  Ones  started,  com-  In  addition,  the  turbojet  is  capable  of  providing 


bastion  is  continuous. 


sufficient  static  thrvst  to  permit  an  aircraft  or 


The  afterburner  is  an  important  part  of  jet  missile  to  taJte  off  under  its  own  power-  The 


fighter  aircraft,  but  has  limited  application  in  disadvantages  of  turbojets  {compared  with  other 


guided  missile  propulsion-  U  was  developed  to  types  of  jet  engines;  include  the  following: 


give  additional  thrust  when  needed  for  short 


l  .  They  are  large  and  bulky  in  Comparison 


periods  of  time,  as  in  launching  or  during  a  to  other  types  of  jet  engines * 


steep  programmed  climb. 


2.  They  are  delicate  and  complex  median 


The  additional  thrust  is  obtained  by  burning  isms  with  many  moving  parts. 


additional  fuel  m  the  tailpipe  section.  That 


3.  Their  maximum  speed  is  in  the  low  ^uper- 


portlors  of  the*  air  which  served  only  as  a  sonic  range, 


coolant  for  the  main  combustion  chambers  is 


sufficient  to  support  combustion  ;.f  the  adeti 


t  tonal  fuel .  The  Lidded  thrust  is  large,  but  the 


RAMJET 


overall  efficiency  of  the  turbojet  decreases 


because  the  specific  fuel  consumption  is  greatly 


A  ramjet  enzine  derives  its  nimr  from  the 


increased.  During  a  missile  launching,  an 


ram  action  that  make*  its  operation  possible. 


afterburner  could  provide  approximately  3t>‘ 


engine  is  sometimes  referred  to  as  the 


increase  in  thrust;  when  the  missile  reaches  a 


athodyd,  meaning  aer  other  mod  ynamic  duet.)  It 


speed  of  6  00  mph,  an  afterburner  can  increase 


:s  the  simplest  of  the  air-brcaUiing  propulsion 


its  thrust  by  from  TO.'  to  120T 


engines,  and  has  no  moving  parts 


The  thrust  augmentation  by  aft e rbur n leg 


Ramjet  operation  is  limited  to  altitudes  below 


Increases  substantially  with  increase  in  flic  hi 


about  DO, 000  feet  because  atmospheric  oxygen 


speed.  At  about  Mach  2  speed*  the  Thrust  is 


is  necessary  for  combustion.  The  velocity  that 


2.5  times  a#  great  ;is  that  without  afterburning. 


can  be  attained  by  a  ramjet  engine  is  theoretic 


However*  the  specific  fuel  consumption  is 


cally  unlimited,  The  faster  a  ramjet  travels 


roughly  three  times  a  surest  as  without  thf  after¬ 


the  more  effect ively  H  operate sT  and  the  more 


hum-  r,  Tbi  ?$  disadvantage  decreases  with  speed, 


thrust  i"  develops.  Bus  Us  upper  speed  is  iim- 


5io  that  at  Mach  3  or  4  and  higher,  the  after 


iced,  in  practice,  to  about  Mach  5.0t  because 


burner  engine-  is  more  efficient  than  The  simple 


of  frictional  heating  of  the  missile  skin.  The 


turbojet  engine.  An  .ifterburnlne  engine  must  be 


major  disadvantage  of  a  ramjet  is  that  the  higher 


provided  with  a  va v a  able  area  discharge  nozzle 


the  speed,  at  which  it  is  designed  to  operate. 


and  for  supersonic  -speeds  it  should  :i  Iso  have  an 


the  higher  The  speed  to  which  it  must  be  boosted 


adjustable  inlet  diffuser. 


before  automatic  operation  can  begin 


Turbojets  with  an  afterburner  are  called 


turbo  ram  J^ts.  rher,  art  lilt  used  in  any  Of  Our  Components  if  Ramjets 


guided  missiles,  but 


missiles  also 


take  advantage  of  the  ram  a ir  pressure  at  high 


Basically,  a  ramjet  consists  of  a  cylindrical 


speeds.  Th?  thrust  of  the  turbo; et  decreases  rube  open  at  bath  ends,  with  a  fuel-iimencm 


with  increasing  altitude,  but  It  is  nearly  constant  system  inside.  From  this*  the  term  “flying 


over  a  Speed  range  Of  from  0  to  650  mph  fora  Stovepipe"  angina  (ed.  Ever  though  all  ramjets 


given  altitude-  There  is  a 


increase  in  contain  the  same  basic  parts,  the  structure  of 


thrust  as  speeds  in  excess  of  about  300mph  arc  these  parts  must  be  modified  to  produce  satis* 


Obtained  because  of  t tie  beneficial  effects  os  ram  factory  operation  in  the  various  speed  ranges, 


iLr  compression,  The  specific  fuel  consumption  The  principal  parts  of  a  ramjet  engine  area 


of  a  turbojet  decreases  with  in  creases  Ln  altitude 


diffuser  section;  a  combustion  chamber  that 


This,  plus  the  far:  that  the  thrust  increases  contains  fuel  injectors,  spark  plugs  and  flame 


at  htgh  speeds,  places  the  optimum  holder;  and  an  exhaust  nozzle  ('fig.  4- 1 1 ), 


operating  point  of  the  turbojet  liuhc  high-speed. 


The  diffuser  section  ttcrvea  the  &ame  pur 


high -altitude  region, 


poae  in  the  ramjet  is  it  docs  In  the  puisejet, 


Three  missiles  of  the  Air  Force  are  lurbo*.  It  decreases  the  velocity  and  increases  the 


jets— Matador  „  Mice,  and  Hound  Dog.  The  Navy's  pressure  of  the  incoming  air.  Since  there  is 


Hegulus.  now  beiru  phased  out,  is  a  turbojet.  no  wall  or  closed  grill  in  the  front  section 


Turbojets  are  well  suited  to  i.ircraft  :md  of  a  ramjet,  the  pressure  increase  of  the  ram 


missiles  because  of  their  tow  fuel  consumption,  air  must  be  great  enough  to  prevent  the  e adapt 
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of  the  combustion  gases  out  the  front  of  the  en¬ 
gine-  Diffusers  must  be  especially  designed  for 
s  specific  errran?F  velocity  or  predetermined 
missile  speed.  In  other  words,  the  desired 

pressure  barrier  is  developed  only  when  air 

is  entering  the  diffuser  At  the  speed  for  which 

that  particular  diffuser  was  designed. 

The  combustion  chamber  is  of  course  the 
area  In  which  burmine  occurs  and  high-pressure 
gas  os  are  g sue rated.  The  fuel  injectors  are 
connected  to  a  continuous- flow  fuel  supply  sys¬ 
tem,  adequately  pressurized  to  permit  fuel  to 
flow  against  the  high  pressures  that  exist  in  the 

forward  section  of  the  combustion  chamber. 

Combu5t3oti  is  started  by  a  spark  plug;  once 
started ,  it  is  continuous  and  self-supporting* 
The  flameholder  prevents  the  flame  front  from 

being  swept  too  far  toward  the  rear  of  the  engine, 
thus  stabi  ]  l  z  ing  and  r  estr ict  i  ng  tb  e  a  c  tu a  ]  by  r  n  ing 
to  a  limited  area.  The  flameholder  also  ensures 
that  the  combustion- chamber  temperature  will 
remain  high  enough  to  support  combustion. 

A  flam  oh  older  is  a  metal  grid  or  shield 
punctured  with  a  variety  of  sharp- edged  holes 
(usually  tiol  round),  designed  to  stabilize  a 

Burning  propellants  tend  to  linger  in 

these  holes  and  this  ensures  continuous  ignition 

of  the  injected  fuel  throughout  the 
cycle.  Fiatneholders  are  necessary  to  prevent 
"'blowout"  of  the  burning  fuel  by  the  air  rustling 
through  the  combustion  chamber.  The  config¬ 
uration  and  location  of  the  f lampholders  is  a 
crucial  development  problem  In  the  ramjet. 
The  flame  speed  varies  with  different  fuels, 
but  in  general  the  flame  speed  is  slower  than 
the  air  speed  through  the  combustion  chamber. 


Ttle  flam etl ciders  reduce  the  local  air  speed 

to  accommodate  the  slower  flame  speed. 

The  design  and  location  of  the  fuel  injection 

nozzles  and  the  control  system  for  fuel  In i  ? c tton 
are  important  to  get  the  correct  proportion 

of  air  and  fuel  mixture  in  the  combustion 

chamber. 

The  exhaust  nozzle  performs  the  same  func¬ 
tion  as  in  any  jet-propulsion  engine. 


Types  of  Ramjets 


Ramjets  may  be  subsonic  or  supersonic.  The 
latter  maybe  low  sup  ergon  it  or  high  super  sonic* 

Subsonic  Ramjets 

A  subsonic  ramjet  engine  cannot  develop 
static  thrust;  therefore,  it  cannot  take  off  under 


its  Own  power.  If  fired  .it  rest,  high-pressure 

combustion  gases  would  escape  out  the  front  as 

veil  ae  the  rear.  For  satisfactory  operation, 

the  engine  must  be  boosted  to  a  suitable  sub¬ 
sonic  speed  so  that  the  ram  air  entering  the 
diffuser  section  develops  2  pressure  barrier 

high  enough  to  confine  the  escape  of  combustion 

gases  to  the  rear  only ,  Figure  4-1 1A  is  a  dia¬ 
gram  of  a  subsonic  ramjet  engine.  Note  the 
simple  tubular  construction*  a  nil  the  openings 

at  front  aiwi  rear . 

As  ram  air  passes  through  the  diffuser 
section  (fig,  4-11 A  \  the  velocity  of  the  air  de¬ 
creases  while  the  pressure  increases.  This 

is  brought  about  by  the  increase  in  cross  sec¬ 
tion  of  the  diffuser,  in  accordance  with  Rer- 
noulli's  theorem  for  incompressible  flow.  Fuel 

is  sprayed  into  the  combustion  chamber  through 

the  fuel  Injectors.  The  atomized  fuel  mixes 
with  the  incoming  airt  and  the  mixture  is  ignited 
by  the  spark  plug.  As  previously  stated, burning 

is  continuous  after  initial  ignition,  and  no  further 

spark  [)}lu£  action  is  needed. 


The  gases  diat  result  from  tin-  combustion 
process  expand  in  .ill  directions,  as  shown  by 

the  arrows  in  the  central  part  of  the  combus¬ 
tion  chamber  (fig .  4-L2A).  As  they  expand  in  the 
forward  direction,  the  gases  are  stopped  by  the 
barrier  of  high-pressure  atr  and  the  internal 

sloping  sides  of  the  diffuser  section,  as  indi¬ 
cated  in  the  diagram  by  the  short,  wide  black 
arrows.  The  only  avenue  of  escape  remaining 
for  the  combustion  gases  is  through  the  exhaust 
nozzle,  and  here  anolher  important  energy 
conversion  occurs:  The  pressure  energy  of  Lhe 
C  5  mbu  ST  inn  gases  is  c.  on  v  er  red  to  v  eloc  it  y .  The 
sases  enter  the  exhaust  nozzle  at  less  Ilian  the 

local  speed  of  sound.  But,  while  they  pass 

through  the  convergent  nozzle,  the  pressure  en¬ 
ergy  of  the  gases  decreases  and  the  velocity 
increases  up  to  the  local  speed  of  sound  at  the 

exhaust  nozzle  exit* 

Thrust  ts  developed  in  the  ramjet  as  a 
result  of  the  imbalance  of  forces  acting  in  the 
forward  and  rearward  directions.  The  bom¬ 
bardment  of  combustion  gases  against  the  slo¬ 
ping  sides  of  the  diffuser  and  the  ram-air  bar¬ 
rier  exert  a  force  in  the  forward  direction* 

This  forward  force  is  not  balanced  by  the 

combustion  leases  that  escape  through  the  ex¬ 
haust  nozzle.  The  unbalanced  force  rrinstitums 
the  thru  at  lhat  propels  the  missile. 
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Supersonic  Ramjet 


progressing  from  diffuser  inlet  to  combustion- 
chamber  entrance*  the  obliqueness  of  the  shock 
The  operation  of  a  supersonic  ramjet  is  the  wave  successively  decreases  until  a  normal 
sunt  as  that  Of  j  subsonic  ramjet,  With  the  shock  wave  followed  by  subsonic  flow  is  pro- 

folio  wing  exceptions.  First,  the  supersonic  jet  duced. 


most  be  boosted  to  a  supersonic  speed.  Second, 


Thus  energy  transformation  is  achieved  by 


a  higher  pressure  barrier  exists  in  the  super-  using  a  diffuser  cf 


type  shown  in  figure 


sonic  engine ,  resulting  in  greater  thrust. 

in  order  to  operate,  a  low-supersonic  ram 


4-1 1 C ,  The  d  iff  user  cent  erbody  decreases  the 
Obliqueness  of  Ihe  shock  waves,  allowing  super- 


jet  must  be  boosted  to  a  supersonic  speed,  sonic  air  to  flow  inside  the  diffuser  inlet, 
approximately  equal  to  Its  operating  speed,  be-  As  supersonic  How  passes  through  the  con- 
fore  ignition.  When  the  forward  speed  of  the  vergant  section  of  the  diffuser,  the  velocity  is 


ramjet  becomes  supersonic,  a  normal 


Stead  li  5  decreased  and  the  pressure  cor  re¬ 


wave  forms  at  the  entrance  to  the  diffuser  gpondlns ly  increased.  At  some  predetermined 
section.  The  location  of  this  shock  wave  is  point  in  the  diffuser,  air  velocity  approaches 
shown  in  figure  4-1  IB.  On  the  upstream  side  the  sonic  value  and  a  normal  shock  waveforms, 
of  the  normal  shock  wave,  the  free- stream  air  As  previously  stated,  when  l ow~ supersonic  air 

is  moving  at  a  low  supersonic  velocity.  As  the  flows  through  a  normal  shock  wave,  aft  abrupt 
Supersonic  air  passes  through  the  shock  wave,  decrease  in  velocity  and  increase  in  pressure 
its  velocity  drops  abruptly  to  a  subsonic  value,  results.  The  subsonic  air  produced  by  the 
with  a  corresponding  Increase  in  pressure.  Thus  normal  shock  wave  flows  through  the  divergent 
the  shuck  wave  produces  a  sudden  increase  hi  section  of  the  diffuser,  where  it  undergoes  an 
Air  pressure  at  the  diffuser  entrance.  As  the  additional  velocity  decrease  and  pressure  in- 


compressed  subsonic  air  flows  through  the 


Here  again  the  diffuser  has  achieved 


diverging  diffuser  section,  an  additional  Increase  a  pressure  barrier  at  the  entrance  to  the  com- 

in  pressure  and  decrease  in  velocity  occurs,  bust  ion  chamber.  The  exhaust  nozzle  shawm  in 

As  in  a  subsonic  ramjet,  fuel  is  mixed  with  the  diagram  Is  of  the  convergent -divergent  type 
the-  highly  compressed  atr,  the  mixture  is  ignited  designed  to  produce  supersonic  flow  at  the  exit. 


initially  by  a  spark  plug,  and  burning  is  con- 


A  ramjet  is  designed  to  operate  best  at  some 


Unuous  thereafter.  The  potential  energy  pos-  given  speed  and  altitude.  The  pressure  recovery 
sessed  by  the  combustion  erases  is  converged  imo  process  in  a  diffuse- r  designed  for  oblique  whock 

waves  is  more  efficient  (hart  that  in  diffusers 

or  single  normal 


kinetic  energy  by  the  exhaust  noazle. 

The  convergent-divergent  nozzle  shown  in  designed  for  subsonic 
figure  4-1  IB  allows  the  gases  to  exceed  the  shock  waves.  For  that  reason  the  ramjet  engine 

local  speed  of  sound.  Therefore,  with  proper  operates  best  at  high  supersonic 


design  modifications,  the 


engine  Can  attain 


.  To 

s  speed*  a  rocket  or  other  type  of 


travel  efficiently  at  super  some  speed. 


booster  is  used,  and  it  is  gene 


e  larger  and 


Now,  assume  that  we  want  to  design  a  ramjet  heavier  than  the  unr-et  itself. 


that  will  travel  at  higher  supersonic  speeds, 


This  engine  is  ideally  suited  to  long-range 


At  speeds  of  around  Mach  Z.O,  shock  waves  high-speed  missiles,  since  the  thrust  increases 
formed  at  the  diffuser  inlet  are  oblique  {fig.  with  speed,  and  the  rate  of  fuel  consumption  per 
4-11C)  rather  than  normal,  Air  velocity  in  front  unit  of  thrust  decreases  with  speed, 

of  an  oblique  shock  wave  is  high  supersonic. 


Alien  supersonic  free- stream  air  passes  through 

wave,  an  increase  in  pressure 


an 


ROCKET  MOTORS 


and  a  decrease  in  velocity  occur,  but  she  velocity 

IS  still  supersonic,  For  example,  air  With  a  GENERAL 


free- stream  velocity  of  1500  niph  may  pass 
through  an  oblique  sb  mk  wave  and  still  have-  a 


Unlike  a  jet  engine,  a  rocket  carries  within 


velocity  Of  5>00  mph,  Also,  when  supersonic  air  itself  all  the  mass  and  energy  required  for  it  a 
flow's  through  divergent -type  dtfXuser  section sT  operation.  It  is  independent  ol  the  surrounding 


as  shown  in  figures  4-1! A  h-I  IB  the  velocity  medium 


In  s  rocket,  the  chemical  reaction 


of  that  air  increase  sand  the  pressure  decreases 


Jakes  place  at  a  very  rapid  rate*  This  results 


Therefore,  the  diffuser  design  for  high-  in  higher  temperatures,  higher  operating  pres- 
SuperSOniC  ramjets  mu  si  be  modified  so  that  in  sures,  and  higher  thrust  development  than  in 
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INJECTION  M&ZZLCS  BARRIER  CGM&U&TeGH  CHAMBER  'HICH  PRESSUftfe  CASES 


—  AIR 

—  fuel 


<vw 

;yw 
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1  'WV 


NORMAL  SHOCK  #*1!  t 
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PRESSURE  PROOUCEO 
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HIGH  PRESS LRE 
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PlFFUSER 
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Figure  4-1 1 Structure  of  ramjets  and  combustion  processes  in  them i 
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A ►  Subsonic  ramjet;  B.  Low  supersonic  rfimjet;  C, 


supersonic  ram 


PRINCIPLES  OF  GUIDED  MISSILES  AND  NUC LEAH 


jet  engine.  Because  of  the  high  pressures  systems,  In  Hie  stored- pres  sure  system*  air 


developed  in  rocket  motors,  the  convergent 
divergent  nozzle  is  used  so  that  more  of  the 
energy  can  be  detracted  from  the-  gases  :» Rer 


or  some  other  ga*  is  stored  under  pressure-  in 

the  missile  before  launching.  It  is  injected, 
in  controlled  amounts,  into  the  propellant  stor- 


they  have  passed  the  throat  section.  The  basic  age  tanks,  causing  a  pressurized  flow  toward 

principles  involved  in  the  action  of  other  jet-  the  combustion  chamber.  In  a 

propulsion  units  also  apply  to  rockets. 

Depending  on  the  physical  state  of  the  pro¬ 
pellant  used*  rockets  are  designated  as  either  as  it  is  needed.  An  example  or  such  a  substance 


pressure  system,  substances  are  carried  within 

the  missile  tc  generate  the  high-pressure  gas 


solid  or  liquid  type, 

A  solid  rocket  has  a  short  burning  time* 

simple  design,  heavy  construction,  and  non- 


Is 


peroxide,  which,  when  passed 


through  a  catalyst,  ctecomppsee  to  form  a  high- 
pressure  vapor.  This  vapor  is  then  injected  into 


intermittent  operation.  It  is  therefore  pri-  the  propellant  storage  tanks. 


mari.y  used  for  booster  units,  and  as  a  power- 


Many  other  devices  such  as  valves*  regu- 


plutit  fur  relatively  short -duration,  high-speed  Latovs,  delivery  tubes,  and  injectors,  are  nec- 
missiles.  Recent  research  seems  to  indi-  essary  for  the  successful  operation  of  either 
cate  that  solid  fuels  will  have  increasing  future  system. 


applications  in  long-range  missiles.  The  Navy’s 


Figure  4-12  shows  the  general  relationship 


Polaris  {1CBMJ  is  propelled  by  a  solid- fuel  of  the  various  major  parts  of  a  stored- pressure 


rocket 


feed  system.  In  the  system  shown,  atria  stored 


The  liquid  rocket  unit  has  a  longer  burning  under  pressure 


The  hand-arming-  valve  is 


time*  relatively  complicated  design,  and  in-  opened  manually,  just  before  launching,  this 

ter mitten!  operation  possibilities,  This  system  allows  the  system  to  be  pressurised  up  to  the 


has  been  widely  used  as  a  powerplant  for  high 


motor-start  valve.  The  air-pressure  regulator 


long-range  missiles,  and  space  craft,  decreases  the  pressure  to  the  desired  value 

summarize,  the  more  important  char-  required  for  ope  ration  of  the  system  components. 


actrristica  of  all  rocket  engines  are: 


Most  liquid- fuel  rocket  systems  use 


or 


1,  The  thrust  of  a  rocket  t s  nearly  constant,  pressure  than  shown  in  the  illustration*  Also, 


and  is  independent  of  speed, 

2.  Rockets  will  operate  in  a  vacuum. 


instead  of  air,  a  light,  inert  gas*  such  as  helium* 

is  used,  This  permits  weight  reduction  and  also 

3.  Rockets  have  relatively  few  moving  parts ,  eliminates  a  fire  and  explosion  hazard  which  is 

4,  Rockets  have  a  very  high  rate  of  propel-  present  with  pressurized  air.  Nitrogen  also  may 


hut  consumption. 


be  used  because  it  Is  fire-safe;  tanks  maybe 


5.  Burning  time  of  the  propellant  in  a  rocket  pressurized  to  about  2000  psi*  The  pressure 


is  short 


or.  the  fuel  and  uxidLZer  tanks  has  to  bs  greater 


G,  Rockets  need  no  booster.  They  have  full  than  the  pressure  in  the  combustion  chamber* 

thrust  at  takeoff;  therefore,  when  rockets  do  but  much  less  than  in  the  nitrogen  flask*  Re- 
employ  boosters  it  is  for  the  purpose  of  reach-  ducing  valves  are  used  to  reduce  the  pressure, 
ing  a  high  velocity  in  minimum  time.  The  motor- start  valve  is  electrically  oper- 

,  It  is  opened  from  a  safe  distance  after 
all  personnel  have  cleared  the  immediate  launch¬ 
ing  area.  Pressurized  air  or  inert  gas  enters 
The  major  components  of  a  liquid -rocket  and  pressurizes  the  fuel  and  oxidizer  tanks, 

system  are  the  propellant*  propellant- feed  sys-  These  tanks  must  be  made  of  material  that  is 

tens,  combustion  chamber*  igniter,  and  exhaust  not  affected  by  the  respective  propellants.  In 


LIQUID-FUEL  ROCKETS 


nozzle.  The  propellant -feed  system  is  the  Only  addition, 


must  be  strong  enough  to  with 


part  which  has  not  been  explained,  in  principle, 
in  the  preceding  sections  of  this  chapter.  Feed 


stand  the  added  pressure.  At  the  same  time 
thfn  the  propellant  tanks  are  pressurized,  air 


systems  may  be  of  the  pressure -feed  typ-  or  also  enters  the  hydraulic  accumulator  and 


the  pump -feed  type 


pressurizes  the  hydraulic  fluid 


(Pressurized 


Pressure- Feed  Systems 


nitrogen  may  be  used  to  open  the  fuel  valve*  or 
other  flow  control  may  be  used  instead  qf 
hydraulic  control.)  The  hydraulic  fluid  dis- 
P  re  s  sure- feed  ay  stems  may  be  subdivided  places  the  piston  in  the  propellant  valve  actuating 


into  stored -pressure 


gene  Fated-pressure  cylinder,  which  in  turn  Opens  the  propellant 
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Figure  4-12 


pressure  feed  system  of  a  liquid  rocket 


valves.  Fuel  and  oxidizer,  under  pressure,  now 
flow  through  tlie  respective  mixtures  orifices, 
which  regulate  the  flow  so  that  the  correct 
mixture  ratio  is  jnairrtatnpd,  These  orifices 

are  simply  restrictions  in  the  line,  and  are  flow- 

cheeked  prior  to  installation,  in  some  cases 
the  injectors  perform  this  operation,  andorifices 
are  not  necessary.  The-  propellants  are  atomized 
by  the  injectors.  Note  chat  the  oxidizer  (pro- 


Figure  4-13A  sketches  Hie  main  parts  of  a 

generated- pres  sure  system.  The  gas  is  pro¬ 
d-iced  by  chemically  reacting  a  liquid  or  solid 
propellant  at  a  steady,  uniform  rate.  Note 
that  there  is  a  return  flow  from  the  combustion 
chamber  to  the  chemical  pressure  system. 


The  pump- feed  system  {fig.  4-13B}  i  s  nearly 

rhe  same  as  the  pressure-feed  system,  except 
that  the  pressurized  flask  is  replaced  by  pumps 
which  fore?  the  propellant  and  oxidizer  into  the 
combustion  chamber.  To  power  the  pumps,  a 

steam  generating  plant  may  be  provided  to  oper¬ 
ate  a  turbine  which  in  turn  drives  the  pumps. 
'This  system  has  the  advantage  of  having  light - 
weight  tanks  but  is,  of  course,  mo  re  complicated 

than  the  pressure  feed  system. 

Pump -reed  systems  are  used  with  power 
plants  designed  to  bum  lar^e  volumes  of  pro¬ 
pellants,  and  with  plants  requiring  a  high  weight 

rate  of  flow*  A  pump- feed  system  consists  of 
a  fuel  pump  and  an  oxidizer  pump,  both  driven 
by  a  turbine  wheel*  Power  for  driving  the  tur¬ 
bine  wheel  may  be  provided  by  a  gas  generated 

by  che rr  i c a  1  s  carried  within  the  missile  for  that 


the  walls  of  the  combustion  chamber  before 
pa ss big  through  the  cutoff  valve.  This  action  is 

called  regenerative  cooling.  It  makes  possible 

the  use  of  thin- walled  combustion  chambers 

(reducing  die  weight)*  The  fact  that  the  engine 
Ls  cooled  permits  longer  burning  than  if  it  were 

not  cooled.  A  further  advantage  is  that  the 
propellant  is  preheated,  before  injection  into 
th3  combustion  chamber,  which  results  cm  more 
complete  combustion  and  greater  release  of 
heat  energy.  Other  methods  of  cooling  are  also 

in  u se .  Th  re  e  gener a  1  m erhod s  of  c ool Lug  rocket 

motors  are:  film  method,  regenerative  (men¬ 
tioned  above),  and  sweat  cooling.  It  is  necessarv 
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Figure  4-13.— Liquid  propellant  feed,  systems: 

A.  Generated  pressure  system:  B.  Pump- feed  system 


purpose  tturbine-pump  system),  or  the  turbine 

wheel  may  receive  its  power  from  the.  exhaust 
gases  of  a  rocket  motor  (turbo-pump  system). 
Figure  4 -13B  illustrates  the  major  Components 
of  a  liquid  fuel  rocket  that  uses  a  turbine  pump- 
feed  system. 


Because  pressure  is  £eL  only  on  the  com** 
bustion  chamber  side  oi  the  pumps,  the  fuel  and 
oxidizer  tanks  can  be  of  lighter  weight  than  in 
pres  sure- feed  systems*  A  disadvantage  is  that 
the  auxiliary  devices  and  controls  of  a  pump- 
feed  system  are  far  mtire  complicated  than  those 
Of  a  stored  -  pree  sure  system.  This  complexity 
means  that  a  complicated  checkout  is  necessary 


and  the  reliability  is  lessened. 


Because  of  the  intense  heat  developed  in 


liquid-  roc  k  et  co mbu  st  i  m 


ers.  it  is  im¬ 


portant  that  the  Inner  walls  of  the  chamber 


i 


throat,  and  exit  be  cooled.  Uncooled  operation 
over  a  prolonged  period  reduces  physical 
strength  and  may  even  melt  parts  of  the  motor. 


The  regenerative  coaling  method  shown  in 
figure  4-12  is  often  used.  Before  injection  into 
the  chamber,  the  fuel  or  oxidizer  ts  circulated 
from  front  to  rear  between  the  walls  of  the  com¬ 
bustion  chamber.  The  heat  absorbed  by  the 

iucl  or  oxidizer  cools  the  chamber  and  adds 

the  energy  originally  contained  lathe  propellant. 


A  film- cooling  procedure  consists  oi  low- 
velocity  injection  of  a  portion  of  the  fuel, 
oxidizer,  or  some  nonre-activs  liquid  into  the 
chamber  at  critical  points.  The  fluid  forma 
a  protective  film  on  the  inner  walls,  and  ab¬ 
sorbs  heat  from  the  walls  as  it  evaporates.  It 
may  be  used  in  combination  with  regenerative 

cooling . 


Sweat  (transpiration'  coding  is  achieved  by 

use  of  a  porous  chamber  wall  through  which 
the  liquid  slowly  flows.  The  evaporation  of  the 
liquid  from  the  surfaces  causes  cooling  of  the 
surfaces.  It  is  used  on  aerodynamic  ally  heated 
surfaces  and  combustion  chambers. 


A  look  at  the  names  of  missiles  that  use 
liquid-fuel  rocket  engines  shows  that  most  of 
them  are  earlier  day  missiles  or  arc  being  used 
to  boost  space  vehicle  into  orbit:  Corporal, 
WAC  Corporal,  Centaur,  Titan,  Thor,  Jupiter, 
Redstone,  Aerobee,  Explorer,  Gargoyle, Gorgon 
II- A,.  Na.va.ho,  Viking,  Nike,  Ha  seal,  and  Van* 

guard.  The  large  missiles  use  one  or  more 

stages  with  solid  propellent .  The  development  of 

a  prepackaged  liquid -fuel  engine  as  used  in 
Buflpup,  may  be  The  start  of  a  trend  to  the  use 
Of  liquid  propellants.  One  of  the  important 
disadvantages  of  the  liquid-fuel  engines  was  that 
they  could  not  bi  fueled  and  stored  for  any 
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length  erf  time.  The  p  repacking  method  may 
overcome  this  handicap. 


Liquid  oxygen  tends  to  react  violently  with 

Oil  vapors ,  often  causing  them  to  burn  spon¬ 
taneously*  Any  bituminous  materials  or  petro¬ 
leum  products  must  be  kept  fiwuy  from  areas 
where  it  is  handled* 

extremely  low  temperature  of  liquid 
in  general  were  described,  and  advantages  uni  oxygen  causes  water  vapeu  Irons  :be  surround- 


Description  of  Liquid  Fuels 


Earlier  in  this  chapter,  liquid  propellants 


di sad vantages  were  stated, 
be  described  here. 


fuels  will  ing  atmosphere  to  collect  and  freeze  on  pipes 

and  valves*  This  is  a  serious  problem,  which 


Aniline,  hydra  Bine  hydrate,  and  ethyl  alcohol  hss  yet  to  he  fully  solved*  Liquid  oxygen  is 
are  among  the  more  commonly  used  liquid  rocket  rune  or  i-o  give  and  nontoxic,  but  will  cause  severe 
fuels,  Aniline  is  an  oily  clear  liquid  with  a  spe-  damage  if  it  comes  into  contact  with 


cillc  gravity  of  1.032* 


gravity  o'  water 


In  spite  of  the  many  problems  connected  with 


is  1*000*)  It  has  a  boiling  point  of  about  363*1’  its  manufacture  and  handling,  liquid  oxygen  t  a  an 
and  a  free  sing  point  of  about  21*  F,  On  contact  excellent  propellant;  It  ist  the  beat :  oxidizing  agent 
with  red  fuming  nitric  acid,  it  ignites  spon-  available. 


t  imou  r>lv 


A  fuel  and  oxidizer  combination  that 


Nitric  acid  is  used  in  several  different 


reacts  in  this  manner  is  sa id  to  be  HYPER 


forms  us  an  oxidizer  for 


r  rockets.  The 


GOLIC.  This  combination  was  sum  essfutly  used  moat  commonly  used  and  the  most  powerful  of 

in  the  WAC  Corporal,  C Orpora  1 ,  Aerobee  ( sound-  these  is  RED  FUMING  NITRIC  ACID  (H F NA ), 


lag  rocket) and  Gorgon  II-A  missiles* 

Hydrazine  hydrate  ia  a  color les£ 


s 


which  consists  of  nitric  acid  in  which  nitrogen 
dioxide  is  dissolved.  It  varies  in  color  from 


slightly  heavier  than  water*  It  Is  explosive  when  orange  to  brick  red,  and  gets  its  name  from 
it#  concentration  is  above  £5%.  Hydrazine  by-  the  reddish  color  of  the  nitric  oxide  fumes  it 
drate  gives  a  hype  rgolic  reaction  with  hydrogen  gives  off*  HFNA  is  highly  corrosive,  and 


peroxide. 


stainless  steel  must  be  used  for  storage  tanks 


Ethyl  alcohol  is  a  clear  liquid,  lighter  than  and  delivery  pipes.  Its  high  vapor  pressure 


water*  It  ia  stable  to  shock  and  temperature  presents  storage-  and  transfer 


The 


It  is  readilv  available  because  of  its  fumes  are 


poisonous,  and  severe 


wide  commercial  market  in  the  chemical  and  burns  result  from  bodily  contact  with  the 


liquor  industries.  Ethyl  alcohol  (ethanol)  has 


1 


This  oxidizer  has  been  successfully 


a  low  heat  value  and  »  low  vapor  pressure,  used  with  aniline. 


up  approximately 


For  uf^p  tn  missiles  it  is  commonly  mixed  with  63. 5 v  of  its  oxygen  content  for  combustion* 
distilled  or  deionized  water.  Methyl  and  fur-  It  is  also  used  with  kerosene,  hydrazine,  and 
fury t  alcohols  are  also  used  for  propellants*  compounds  of  hydrazine. 


Liquid  oxygen,  referred  to  as  LQX,  and 


Hydrogen  peroxide  is  a  colorless 


various  forms  of  nitric  acid,  arc  among  the  most  which,  in  concentrations  of  from  to  90:cf 


commonly  used  oxidizers  In  liquid  rockets. 
Liquid  Oxygen  is  made  by  liquefying  air  and 


may  be  used 


as  a  mono  prop  eUam  in  guided 


nu 


When  in  co  nt  ac  t 


a  Suitable 


boiling  off  the  nitrogen  and  other  gases, 
bluish  liquid  has  a  boiling  point  of  about  minus 
2§Y  F,  and  a  freezing  point  of  minus  3d 3 41  F, 


catalyst  (calcium  permanganate,  manganese  di¬ 
oxide,  platinum,  silver,  and  other  materials)  it 
d  e  o.j  nip o se  s ,  f  d  r  mi  ng  steam  a  ntl  ga  se  ou  s  oxy g en . 


ecauae  of  its  low  boiling  point,  its  rate  of  When  9 Gt*  hydrogen  peroxide  decomposes, about 
evaporation  is  very  high.  For  this  reason,  stor-  42-  -  of  the  total  weight  of  the  decomposition 
age  and  shipment  to  launching  areas  presents  products  is  gaseous  oxygen*  Therefore,  it  is  Also 


serious  problems,  and  results  in  appreciable  used  as  an  oxidizer  with  such  fuels  as  alcohol 
loss,  When  poured  on  metal  at  Ordinary  tem-  and  hydrazine  hydrate*  A  third  use  for  hydrogen 
p  era  bure,  liquid  oxygen  nets  like  water  dropped  peroxide  is  as  a  pressurizing  agent.  The  gaseous 
on  a  red-hot  stove.  Evaporation  loss  in  the  products  of  decomposition  may  be  jetted  against 
German  V-2  missile  was  about  4*4  pounds  per  a  turbine  wheel  which  drives  fuel  and  oxidizer 

minute  between  the  time  of  fueling  and  launch  lug.  pumps  conneotsrf  to  the  turbine  shaft. 


Under  the  best  condition  a,  the  loss  of  liquid 


In  the  search  for  storable  liquid  propellants 


oxygen  during  fueling  amounts  to  V  to  10 percent  with  a  high  specific  impulse  combined  with 
by  weight.  Storage  requires  a  nearly  perfect 


insulation  and/or  some  form  of  refrigeration,  low  cost 


safety  in  handling  and  storing,  availability, 

numerous  combinations  have  been 
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tried.  Among  the  mo^t  promising  is  nitrogen 
tetroKide  plus  hvdrazmc.  Nitrogen  tetroxide 
(ftf  04>  can  be  stored  wi;houl  refrigeration  and 


1 3  not  difftcuK  t.  handle,  it  is  also  noncorrosive 
to  steel.  Another  good  storable  liquid  fuel  is 
perch  lory  1  :luoride,  which  is  also  none  orro&ive, 
Fu el s  which  have  a  higher  heat  energy  ihan 
the  hydrocarbons  are  sometimes  called  exotic 
fuels,  or  zip  fuels.  Boron  compounds  are  fre¬ 
quently  the  basic  Ingredient. 


Operation  of  a  solid  rochet  is  simple. 
To  start  the-  combustion  process*  some  form  of 
electrically  detonated  squib  is  ordinarily  used 
to  ignite  a  smokeless  >r  black  powder  charge. 
Upon  igniting  the  powder  charge  provides  sut- 

and  the  pressure  (to  raise  the  ex¬ 
posed  surface  of  the  propellant  grain  to  a  point 
where  combustion  will  take  place. 


Types  of  Solid  Propellant  Ch;irgcs 


SOLID. FUEL  ROCKETS 


A  solid  rocket  unit  e  insists  of  the  propel- 
.  combustion  chamber,  igniter,  and  exhaust 


nozzle  (fig*  4-14). 

The  combustion  ch.i tuber  of  a  solid  rocke? 
serves  two  purposes.  First,  it  acts  as  a  stor¬ 
age 


for  the  propellant.  Second,  it  serves 
as  a  chamber  in  which  burnmn  takes  place. 
Depending  on  the  grain  configuration  used, 
this  chamber  may  al*o  contain  a  device  for 

the  grain  in  the  desired  position*  a 

trap  to  prevent  flying  particles  of  propellant 
from  clothing  the  Throat  section,  and  resonance 
rods  to  absorb  vibrations  set  up  Lathe  chamber. 

The  igniter  consists  of  a  small  charge  o! 
black  powder,  or  some  other  material  that  can 
be  easily  ignited  by  CLther  a  spark  discharge 
or  p  ho-  wire.  As  it  burns,  the  igniU-r  produces 
a  temperature  high  enough  to  ignite  the  main 
propellant  charge. 

The  exhaust  nozzle  serves  the  same  purposi- 
aw  tea  any  other  Jet-p repulsion  system,  it  must 
be  of  heavy  construction  and  or  heat-resistant 
mate  rials,  because  jf  the  high  temperatures  of 
the  exhaust  jet, 


Cnutl1 
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Figure  4-14,— Components  of  a  solid  rocket 

motor*  with  end-burning  grain. 


Solid  propellant 


are  oi  l  wo  basic 


types:  restricted  burning  or  unrestricted  burn¬ 
ing.  A  restricted-burning  charge  has  some  of 
its  exposed  surfaces  covered,  with  an  inhibitor 
(fig.  4 -14),  This  makes  it  possible  to  control 
the  burning  rate  by  confining  the  burning  area 

to  the  desired  surface  or  surfaces.  The  use 


of  inhibit  ru  lengthens  the  burning-  time  of  the 
charge,  and  helps  to  c  >ntrol  the  combustioji- 

chamber  pressure.  A  burning  cigarette  can 
be  considered  as  a  model  of  an  inhibited  rocket 
grain,  with  the  paper  representing  the  inhibitor, 

A  restricted  ^burning  charge  is  usually  a 
solid  cylinder  which  completely  fills  the  com¬ 
bustion  chamber  and  burns  only  on  the  end* 
(lig,  4* ISA},  The  thrust  in  proportional  to  the 

cross  section  area  oi  the  charge,  and  burning 

time  is  proportional  to  length.  The  restricted 
burning  charge  provides  relatively  low  thrust 
and  long  burning  lime.  Uses  of  this  type  of 
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Figure  4-15.— Solid  propellant  grains:  A.  Re¬ 
stricted  burning;  B.  Rest  noted  bored;  C.  Un¬ 
restricted  burning:  D.  Grain  patterns. 
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charge  include  JATO  (jet-assisted  takeoff  'Units, 
barrage  rbr-kets,  and  sustaining  rockets  for 
guided  missiles, 

A  modification  of  the  restricted  burning 
charge  is  the  bored  restricted  charge  (fig.  4- 
15Bh  The  main  difference  Is  that  the  Longitudinal 
hole  m  the  charge  provides  somewhat  more 
burning  surface  and  thus  a  higher  thrust  and 
shorter  burning  time. 

Unrestricted-burning  charges  are  permitted 
to  burn  on  all  .surfaces  ut  once.  The  unrestricted 


5 rain  delivers  a  relatively  large  thrust  for  a 
short  rime.  An  unrestricted  burning  charge 


is  usually  hollow,  and  burns  on 


the  outside 


and  inside  surfaces 


4*150.  Thrust  is 


again  proportional  to  the  burning  area.  Since 

the  inside  area  increases  while  tile 


area  decreases  during'  burning,  it  is  possible 
to  maintain  a  nearly  constant  burning  area. 
The  burning  time  of  hollow  grams  depends  on 
the  web  thickness— the  distance  between  the 
inside  and  outside  surfaces.  This  type  Of  charge 
is  commonly  used  in  booster  rockets. 


It  should  be  clearly  understood  that  in  both 

the  restricted  and  unrestricted  burning  charges, 

the  burning  rate  is  controlled— there  is  no 
exp  1  o  sion ,  C  ontrcll  uig  th  e  bur  ui  ng  rate  of  a  s olid 
propellant  has  always  presented  a  problem  to 
rocket  designers.  You  will  recall  that  one  of 


the  properties  of  an 


propellant 


r,ould  be  that  it  ignite  and  burn  evenly 


The 


burning  rate  may  be  cost  rolled  in  several  ways. 
One  is  by  means  of  inhibitors.  An  inhibitor 
is  any  substance  which  interferes  with  or  re- 
tardg  combustion.  The  lining  and  the  washer 
shewn  in  figure  4-15  are  examples  of  inhibitors. 
Another  way  that  burning  is  controlled  15  by  use 
of  various  grain  shapes.  Examples  are  the 
shapes  shown  in  the  lower  part  of  figure  4-15D. 

Resonant  burning  or  "'chugging''  may  be-  offset 
by  the  use  of  resonance  rods.  These  metal  or 
plastic  rods  are  sometimes  included  in  the 

combustion  chamber  to  break  up  r egula r  fluctu¬ 
ations  in  the  burning  rate  and  their  accompany¬ 
ing  pressure  variations.  The  purpose  of  the 
various  designs  is  to  maintain  a  constant 
burning  area  while  the  surface  of  the  grain  is 
being  consumed. 


Until  recently  j  a  serious  disadvantage  of 

the  solid  propellant  had  to  do  with  the  problem 
of  dissipating  the  extreme  heat  of  combustion. 

One  way  this  has  been  overcome  is  by  use  of 
the  internal  burning  grain.  Since  the  burning 
process  actually  takes  place  within  the  grain, 


the  outer  portion  of  the  grain  provides  a  shield 
between  the  intense  heat  and  the  combustion 
chamber  wall  until  the  grain  is  almost  complete - 
ely  consumed. 

Burning  Rate  of  Solid 
Propellant  Grains 


The  burning  rale  of  a  solid  propellant 

is  the  rate  at  which  the  gram  is  consumed;  U 


is  a  measure  of 


distance  burned,  in 


inches  per  second,  in  a  direction  perpendicular 

to  a  burning  surface- 


As  stated  ea 

of 


t  h  ru  s 


on  mass 


change  in  velocity  of  the 
working  fluid.  For  large  thrust,  a  large  burn¬ 
ing  area  ;s  necessary  in  order  to  yield  a 
large  mass  flow.  A  smaller  burning  area 
produces  less  mass  flow-  and  less  thrust, 
Therefore,  by  varying  the  geometrical  shape 
and  arrangement  of  the  charge,  the  thrust 
developed  by  a  given  amount  of  propellant  in  a 
given  combustion  chamber  can  be  greatly  in¬ 
fluenced. 

The  burning  characteristics  of  a  solid  prop  el - 
lant  depend  on  its  chemical  composition,  initial 
temperature,  combust  ion- chamber  temperature 


and  pressure,  gas 


adjacent  to  the 


burning  surface,  and  size  and  shape  of  the  grain. 
One  propellant  grain  may  burn  in  such  a  way 
that  the  burning  area  remains  constant,  pro¬ 
ducing  constant  thrust,  This  type  of  burning  is 
known  as  NEUTRAL  BURNING.  End-burning 
propellant  grains  are  of  this  type,  Another  im¬ 
portant  neutral -grain  design  Is  the  uninhibited, 
internal -external  burning  cylinder  fig,  4-15C), 
which  is  used  where  a  short -duration  thrust  is 
needed,  as  in  bazooka  type  rockets.  The  pro- 


p e 1 la  nf 


so  rapidly  that 


of  the 


chamber  walls  is  not  excessive. 


Another  type  of  grain  increases  Its  burning 


area  as  burning  progresses 


In  this  case 


PROGRESSIVE  BURNING  is  taking  place.  Thrust 
increases  as  the  burning  area  increases.  Still 
another  grain  may  show  a  constantly  decreasing 

burning  area  as  burning  progresses*  This  is 
called  DEGRESSIVE  BURNING.  It  result*  in  a 

decreasing  thrust,  Various  star -shaped  per¬ 
forations  (fig*  4*15D)  can  be  used  to  give 
neutral  or  degressive  burning  characteristics, 
but  design  changes  can  make  them  progressive 
burning. 

Propellant  grains  are  often  formed  by  ex- 
truBion;  these,  of  course,  are  installed  in  their 
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cases  after  farming.  But  certain  types  of  com¬ 
posite  propellants,  bonded  by  elastomeric  fuels, 

can  be  cast  directly  in  the  rocket  chamber, 
where  The  binder  cures  to  a  rubber  and  supports 
the  grain  by  adhesion  to  the  chamber  walls. 
This  is  called  case -bonding. 

It  permit  a  full  use  of  the  chamber  space, 

Most  high-performance  rockets  arc  made  by 

this  technique. 


Description  of  Solid  Propel  la  tit  a 


One  limitation  of  solid  propellants  is  sen¬ 
sitivity  to  temperature.  The  tniual  tempera¬ 
ture  of  a  grain  noticeably  affects  irs  perform¬ 
ance.  A  given  grain  *'ill  produce  more  thrust 

On  a  hot  day  than  it  will  on  a  cold  day.  The 

percentage  change  in  ihrust  per  degree  Fahren¬ 
heit  temperature  change  is  referred  to  as  the 
temperature  sensitivity  of  the  propellant,  A 
grain  designed  lo  produce  10OQ  pounds  of 
thrust  at  8-0°  F  may  deliver  only  SCO  pounds 
of  thrust  at  30°  F«  The  initial  temperature 

also  affects  the  burning  rate.  Because  of 
these  characteristics,  solid  propellants  mu  s' 
be  stored  in  areas  of  controlled  temperature 

until  they  are  used. 

Temperature  also  affects  the  physical  state 
of  sol  id -prop  el  I  ant  grains.  At  extremely  low 
temperatures,  some  grains  become?  brittle  and 
are  subject  to  cracking.  Cracks  increase  the 

burning  area  and  burning  rate  and  tbereforr 
increase  the  combustion- chamber  pressure, 
If  this  pressure  exceeds  that  for  which  the 
chamber  was  designed,  the  chamber  may  ex¬ 
plode.  A  propellant  exposed  to  high  tempera¬ 
ture  before  firing  may  lose  its  shape,  and 

become  soft  and  weak.  This,  too.  results  in 

unsatisfactory  performance.  The  temperature 

range  for  most  solid  propellants  is  tram  about 
£5C  F  to  1Z(T  F,  Correct  storage  temperature 

retards  the  decomposition  of  propellants  that 

contain  nitrocellulose  (almost  all  of  them  do,-1, 

which  inevitably  deteriorate  with  time,  in  spite 
of  the  addition  of  stabilisers. 

Pressure  limit  a  play  an  important  part  in 

solid  propellant  performance.  Below  a  certain 

chamber  pressure  combustion  becomes  highly 

unstable.  Some  propellants  will  not  sustain 
combustion  at  atmospheric  pressure.  Ordi¬ 
narily,  chamber  pressure  for  solid  propellants 

must  be  relatively  high.  For  a  given  propellant 

composition  and  burning  area,  die  chamber 


■  ■  -  - - 

pressure  is  determined  by  the  area  of  the  ex-, 
haust  nozzle  throat,  if  the  throat  area,  is  too 
large,  for  example*  proper  chamber  pressure 

cannot  be  maintained. 

Decomposition  and  hygroscopic  tendencies 

are  other  -weaknesses  of  solid  propellants,  hut 
both  can  be  minimised  by  the  use  oi  certain 

additives.  Change  in  the  moisture  content 

changes  the  gaseous  energy  output  of  the  pro¬ 
pellant  with  unpredictable  results,.  [ 

Some  of  the  more  common  propellants  are 

discussed  below.  The  chemical  formulas  of 

some  of  them  are  given,  to  show  the  carbon 
and,  or  hydrogen  contenr,  rand  the  oxygen  con¬ 
tent  of  the  oxidizers, 

One  of  the  first  solid  propellants  used  was 

BLACK  POWDER.  Its  approximate  composi¬ 


tion  is: 

Potassium  nitrate  {KNO,)  f5I*6% 

Charcoal  (C)  J  23.0% 

Sulphur  (5)  15*4% 

Both  charo ™q  and  sulphur  react  readily  with 


oxygen* 


Potassim 


nitrate,  he  shown  by  its 


formula,  contains  large  quantities  of  oxygen 


The  three  ingredients  are 


mixed* 


using  some  substance  such  as  glue  or  oil  as  a 

BINDER. 


When  heat  is  applied  to  black  powder*  the 
potassium  nitrate  gives  up  oxygen*  The  oxygen 
reacts  with  the  sulphur  and  carbon,  producing 
intense  heat  and  large  volumes  of  carbon 
dioxide  and  sulphur  dioxide*  These  two  gases 

make  up  the  major  part  of  the  exhaust  jet. 
The  heat  produced  by  the  reaction  gives  high 
velocity  to  the  exhaust  gases.  Black  powder 
has  a  specific  impulse  of  about  65  lb- sec/ Kb, 
One  of  its  drawbacks  is  that  it  is  quite  sensi¬ 
tive  to  storage  temperatures,  and  tends  t0'; 
crack.  Its  exhaust  velocity  ranges  from  1500 
to  2,500  feet  per  second.  It  is  now  used  pri¬ 
marily  for  signal  rackets^  and  as  an  igniter 
for  other  solid -propellant  grains, 

BALLISTITE  is  s  double -base  propellant;- 
it  contains  two  propellant  bases,  NITROCEL¬ 
LULOSE  and  NITROGLYCERINE*  It  also  con¬ 
tains  small  amounts  of  additives,  each  per¬ 
forming  a  specific  function*  A  STABILIZER 

absorbs  the  gaseous  products  of  slow  decom¬ 
position*  and  reduces  the  tendency  to  absorb 


moisture  during  storage 


A  PLASTICIZER 


serves  as  a  binding  agent,  An  ORACiFlER  is 
added  to  absorb  the  heat  of  reaction  and  pre¬ 
vent  rapid  thermal  decomposition  of  the  un¬ 
burned  part  of  the  grain,  A  FLASH  DEPRES¬ 
SOR  cools  the  exhaust  gases  before  they  escape 
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to  the  atmosphere,  thus  preventing  a  burning-  ADVANCED  PROPELLANTS  AND 
tail  effect.  A  typical  bidUdtlte  compositton  is  PROPULSION  SYSTEMS 


Nitrocellulose 

C  24  0o20'  O3  J  5 1 , 3  &  :  p r dp  e  L 1  n  nt  i 


Nitroglycerine 

C3H5fN03)3 

U  letiiylphth  a  lat  e 

Potassium  nitrate 


The  need  for  greater  specific  impulse  and 
higher  energy  propellants,  particularly  for  use  in 

space  flight*  but  also  for  missile  usct  ha  £  stim¬ 
ulated  research.  The  achievements  of  other 
nations  have  spurred  uur  own  efforts  tn  this 

,  The  future  of  space  flight  ts  closely 
dependent  upon  propellants  that  yield  far  higher 
energy  and  impulse  than  are  available  from 
combustion  of  chemical  propellants. 

Thus  far,  we  have  discussed  only  combustion 
ftalllstitg  has  3.  specific  impulse  of  about  of  chemical  propellants,  bQuid  and  solid,  as  a 
210  Ib-see/lb.  Its  exhaust  is  relatively  smoke-  source  of  energy.  It  ta  possible  to  get  energy 

less.  Storage  temperatures  between  40*  F  and  from  chemical  propellants  by  free  radical  (mo* 
120’  F  are  necessary  to  prevent  rapid  decam-  lecular  fragment)  recombination,  or  by  exo- 


bjpheny  la  m  Lne 

Nlgrosine  dye 


43.38U  (propellant) 
Z.QVx  (Plasticizer) 
1.45'.-  v flash  de¬ 
pressor! 

0.07U  ( stabilizer! 

0.1  O^c  (opactlter) 


position 


The  ingredient*  of  ballistic  are  thermic  decomposition  controlled  explosion,1. 


subject  to  detonation,  and  are  toxic  when  they  Free  radical  propulsion  is  still  in  the  research 


come  in  contact  with  the  BMn.  The  manufac-  stage  and  tl  may 


hiring  process  is  difficult  and  dangerous. 


a  long  time  to  yield 


practical  results.  As  fur  exothermic  deeom- 


Galcit  consists  of  about 


asphalt-oil  position,  at  the  present  time  no  material  Is 


mixture,  which  serves  as  both  fuel  and  binder. 


ava 


that  releases  sufficient  energy  upon 


and  75%  potassium  perchlorate  (K  Cl04).  which  controlled  decomposition  to  make  it  preferable 


serves  as  an  oxidizer.  In  its  finished  form,  to  combustion  system*.  Further  research  may 

Galdfc  resembles  stiff  paving  ter.  Recom-  change  this. 


mended  temperature  limits  for  firing  are  40^7 


experiments  have  been  made  in  the  use  of 


to  ICO'  F,  The  specific  impulse  of  galcit  is  solar  energy  and  arc-heated  or  electric  svs 


about  136  lb- see/ lb*  It  is  quite  stable  to  tem¬ 
perature:  storage  temperature  limns  ire  minus 

V  F  to  120*  F.  G .licit  i$  relatively  easy  to 


terns,  but  thus  far,  their  low  efficiency  has 

made  them  Impractical,  Progress  in,  the  field 

of  direct  power  conversion  or  large  improve- 


manufacture,  it  is  ncxftrero3coplc-*tftat  is,  it  mems  in  conversion  efficiency  could  change 


does  not  absorb  moisture.  its  major  disad- 


A  solar-heated  system  uses  the  radiant 


vantage  is  that  its  exhaust  develops  dense  energy  of  the  sun.  An  electric  system  uses  the 


clouds  of  white  smoke.  It  is  only  about  one- 


e ration  of  charged  atoms*  molecules  or 


fifth  as  sensitive  to  temperature  changes  as  particles  in  electric  fields.  If  the  particles 


balllgote,  but  it  becomes  brittle  at  low  tens 
peratures  and  soft  at  hlph  temperatures. 

NDRC  propellants  were  developed  through 
research  sponsored  by  the  National  Defense  system 


are  atoms  or  molecules,  the  system  ia  an  ion 
for  ionic!  system;  if  they  are  solid  particles 
or  droplets,  tht-  system  is  a  charged  particle 


Research  Committee 


A  typical  composition 


consist  a  of  aboul  equal  parts  of  ammonium  pic-  NUCLEAR- POWER  ED  ROCKETS 


rate  and  sodium  nitrate  ('46.5' .  each!,  an d  7--j 
resin  binder  (usually  urea  formaldehyde  .  This 


propellant  has  good  thermal  stability. 


It  is 


Considerable  research  and  development  work 
is  be  ing  done  to  achieve  thiuae of  nuclear  power 


hygroscopic,  and  must  therefore  be  stored  m  for  missile  propulsion.  A  nuclear  power-plant 


sealed  containers.  Heavy  smoke  develops  in  the 
exhaust  gases. 

Solid  propellant  rockets  are  particularly  terns  would  become  obsolete  a$  major  power- 

actiptable  to  shipboard  use.  They  are  easily  plants  for  ling  range  missiles  "r  for  space 


would  greatly  increase  both  the  speed  and 

range  of  missiles.  Present  propulsion  sys 


stored  and  ready  for  itn  mediate  use ,  Sg  great 
have  been  the  improvements  In  solid  propel¬ 
lants  in  the  past  few  years  that  they  arc  now 
used  in  such  long-range  missiles  as  the  Navy's 
Polarie  and  the  Air  Force's  Mi  nut*  man. 


,  But  they  may  still  serve  as  boosters 
takeoff  and  initial  aceelration,  to  prevent 
radioactive  contamination  of  the  launching  area. 
One  of  the  main  advantages  in  the  use  of 
nuclear  power  is  that  it  provides  an  almost 
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NUCLEAR  WEAPONS 


IneJihaustible  source  of  heat*  In  a  missile 
propelled  by  nuclear  energy*  the  fuel  supply 
would  remain  practically  constant  throughout 
the  flight.  Enough  fuel  to  start  the  reaction 
would  bo  enough  for  sustained  operation*  But 
other  material*  such  as  water*  is  required 
in  the  missile  to  absorb  the  heat  developed  by 
the  pOwerplant,  and  to  be  accelerated  to  produce 

thrust. 

The  major  problems  confronting  the  engi¬ 
neers  are  protecting  the  launching  personnel 
from  radiation  damage,  and  developing  a  nuclear 
power  plant  small  enough  to  be  carried  in  a  Figure  4-16.— Sketch  of  a  hybrid 

guided  missile*  Many  years  of  ext flhei v e  propulsion  engine, 

technical  development  may  be  needed  before 
nuclear  energy  can  be  harnessed  for  use  as 

a  missile  powerplant*  But  the  outlook  is  of  the  elements  of  a  simple  forward  hybrid  en- 

promising.  gine*  Combustion  takes  place  on  the  inside 

Nuclear  systems  can  be  fission,  fusion,  or  surface  of  the  solid  fuel,  after  the  liquid  fuel  is 

photon  systems.  fA  photon  is  a  quantum  of  injected,  and  die  combustion  products  are  ex- 

electro  magnetic  energy.)  A  photon  system  uses  hausted  through  the  nozzle  to  produce  thrust  as 

a  source  of  light  photons  to  develop  thrust,  in  other  rockets.  Nozzle  systems  and  vector 

The  only  sufficiently  powerful  photon  source  is  control  methods  are  the  same  as  in  other  re- 
the  fusion  process*  There  is  much  develop-  action  engines.  Variable  thrust  is  achieved  by 
men t  work  yet  to  be  done  on  this  type  of  rocket  varying  the  flow  of  the  liquid  oxidizer*  Thrust 
engine.  Much  greater  advancement  has  been  termination  and  restart  arc-  accomplished  by 
achieved  in  the  development  of  a  nuc  1  e  a  r  f  la  Sion  shutting  down  and  re -one  nine:  the  oxidizer  flow 


CON  T  TOL 
VA  UV  E 


SCLIO  f-  JEL 


LJQUHO 

OXlGfZEfl 
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Missiles  which  use  a  solid -fuel  booster  and 
a  liquid  engineT  such  as  the  Talos,  are  not 

hybrids;  the  propellants  do  not  interact. 

The  biggest  advantage  of  hybrids  is  the 

ability  to  use  reactions  denied  to  other  pro¬ 
pulsion  systems.  A  second  advantage  is  that 
high  density  can  be  achieved,  with  concurrently 

good  specific  impulse  (ISp).  The  third  great 

advantage  is  safety*  The  solid  train  is  inert. 
Normal  grain  defects  do  not  affect  performance* 
A  malfunction  in  combustion  is  unlikely— excess 
liquid  and  a  badly  cracked  solid  grain  could 
cause  a  pressure  surge-*  but  the  chances  of  both 
defects  occurring  together  is  small* 

Although  research  and  development  have 
been  carried  on  in  several  a  reus  since  the 
I950Js,  there  are  still  many  problems  to  be 
solved  before  a  hybrid  engine  can  be  used  in 
missiles,  European  research  apparently  is 

ahead  of  ours.  A  successful  hybrid  launching 

was  made  in  France  on  25  April  1964.  Re¬ 
search  and  development  work  is  continuing  in 
the  U.S..  but  much  of  it  Is  classified. 


HYBRID  PROPULSION 


A  hybrid  engine  consists  of  a  liquid  oxidizer, 

a  solid  fuel,  and  its  associated  hardware.  The 
liquid  oxidizer  is  valved  into  a  chamber  con¬ 
taining  the  solid  propellant*  Ignition  Is  usually 

hyperbolic.  Neither  or  the  propellants  will 
support  combustion  by  it  deli  in  a  true  hybrid 
rocket.  The  combustion  chamber  is  within  the 
solid  grain,  as  tn  a  solid- fuel  rocket'  the  liquid 
portion  Is  in  a  tank  with  pumping  elements  as 
in  a  liquid- fuel  rocket.  This  type  is  sometimes 
called  a  forward  hybrid  to  diet ingu ish  it  from 
a  reverse  hybrid,  in  which  the  oxidizer  is  solid 
and  the  hi  el  is  11  mild.  Fisrure  4-16  is  a  sketch 
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CHAPTER  5 


MISSILE  CONTROL  COMPONENTS  AND  SYSTEMS 


INTRODUCTION 


G E  NEH  A L 


are  continuously  determined;  (2) COMPUTING, 

In  which  the  tracking  information  is  used  to 
■determine  the  directions  necessary  far  control; 


This  chapter  will  introduce  some  of  the 
numerous  devices  that  may  toe  used  to  control 

the  flight  of  a.  quieted  missile?.  We  will  discuss 


are 


{3^  DIRECTING,  in  which  the 
sent  to  the  control  units;  and  (4)  STEERING, 
which  is  the  process  of  using  the  directing 
signals  to  move  the  missile  control  surfaces 


basic  types  of  control  systems:  pneumatic,  by  power  units.  The  first  three  processes  Of 


pneumatic  "electric,  hydra  ulic-  electric, 

electric.  Throughout  the 


path  control  are  performed  by  the  guidance 

system,  and  steering  is  done  by  the  control 
system. 

In  order  for  these  processes  to  be  ac com- 


and 

we  will  deal 

with  general  principles,  rather  than  the  actual 
design  of  any  specific  missile. 

Chapter  2  described  the  external  control  plished  the  missile  must  be  in  stable  Eight 

surfaces  of  guided  missiles,  such  as  wings,  The  control  of  missile  stability  is  called  ATT! 

fins,  elevators,  tails,  and  tabs*  and  described 

the  effects  of  natural  forces  acting  upon  them.  by  an  AUTOPILOT,  which  is  a  part  of  the  control 
The  use  of  i external  mechanisms  such  as  jet 

vanes  and  fixed  jets  was  described  briefly  and 
illustrated.  This  chapter  tells  how  Che  control 
surfaces  are  controlled  to  keep  the  missile  in 
its  proper  attitude  on  its 


TUBE  CONTROL,  and  is  usually  accomplished 


Flight  attitude  stabilization  is  absolutely 
necessary  if  the  missile  is  to  respond  properly 


to 


DEFINITIONS 


Guidance  and  control  irn  sometimes  spoken 


signals.  When  the  control  system 
determines  that  a  change  in  missile  attitude  is 
necessary,  it  makes  use  ol  certain  controllers 

and  actuators  to  move  the  missile  control  sur¬ 
faces,  The  guidance  system,  when  it  determines 

that,  a  change  in  missile  course  is  necessary, 


of  as  if  they  were  one  and  the  same*  They  are  uses  these  same  devices  to  move  the  control 


eve 


two  parts  of  the  problem  of  getting  the  missile 
to  the  selected  target  after  it  is  fired.  The  main 

reason  for  controlling  a  missile  inflight  is  to  the  controllers  and  actuators  are  a  part  of  the 
gain  increased  accuracy  for  long  ranges.  control  system,  rather  than  the  guidance  sys 


surface.  Thus  the  guidance  and  control  systems 

For  convenience,  we  will  assume  that 


A  missile  guidance  system  keeps  the  missile  tern.  We  can  therefore 
on  the  proper  night  path  from  faun  oh  er  To  stg?iaia  from  the  guidance 


in  accordance  with 


r ec e iv ed 


the  output 
are  put  into 


from  control  point sT  from  the  target,  or  from 
other  sources  of  information.  The  missile 


effect  by  a  part  of  the  control  system.  The  input 

represents  the  desired  course  to  the 
Target*  The  missile  control  system  operates 


control  system  keeps  the  missile  in  the  proper  to  brin^  the  missile  onto  the  desired  course.  If 


flight  attitude 


Together,  the  guidance  and 


is  a  difference  between  the  desired  flight 
path  and  the  one  the  missile  is  actually  on,  then 
path  to  hit  the  target,  the  control  system  operates  to  change  the  posi- 


control  components  of  any  guided  missile  deter 
mine  the  proper 

and  control  the  missile  go  that  it  follows  this 
determined  path.  They  accomplish  this  "path 

control"  by  the  processes  of  1)  TRACKING,  in  discussed  in  this 

which  the  positions  of  the  target  and  the  missile 


tio-n  of  the  missile  in  space  to  reduce  the  error. 
To  summarize:  the  missile  control  system, 

is  responsible  for 
missile  attitude  control*  The  guidance  system. 


NUCLEAR  WEAPONS 


PRINCIPLES  OL  GUIDED 


merits  or  visually  observes  angular  and  linear 
movements  On  the  basis  of  bis  observations, 
he  repositions  the  control  surfaces  as  necessary 
to  keep  the  plane  where  he  wants  it. 

Since  there  is  no  pilot  in  a  guided  missile 
to  note  these  movements,  wt  install  devices 

that  will  detect  them.  It  is  important  to  mention 
here  that  some  guided  missiles  do  not  detect 
linear  movement  while  others  do.  All  guided 
missiles  detect  angular  movement.  This  will 

be  explained  clearly  in  the  chapters  which  dis¬ 
cuss  ill t  various  types  of  guidance.  The  control 
system  is  made  up  of  several  sections  that  are 
designed  to  perform,  insofar  as  possible*  the 
functions  of  a  human  pilot..  To  accomplish  this 
purpose,  the  control  surfaces  must  function  at 

the  proper  time  and  in  the  correct  sequence . 
After  a  missile  has  been  launched*  it  receives 

certain  controlling  orders  called  guidance  sig¬ 
nals,  The  guidance  signals  may  originate  from 
art  external  point  or  from  Within  the  missile 
itself-  To  respond  to  the  guidance  signals,  the 
missile  must  ‘'know"  two  things:  it  must  con¬ 
tinuously  f f know r  1  information  regarding  Its 
movement,  and  it  must  continuously  "know" the 
positions  of  the  control  surfaces. 

Figure  5-1  shows  a  simplified  block  diagram 

of  a  missile  control  system.  As  mentioned  be¬ 
fore,  not  all  of  those  components  will  bo  in  the 
missile  itself.  The  location  of  some  of  the  com- 

ponents  varies  with  the  type  of  guidance  used 
by  the  missile. 


discussed  in  chapter  6,  is  responsible  for 
missile  flight  path  control,  Let  us  not  forget 
that  missile  guidance  a..d  missile  control  arc 
part  of  die  iverall  weapons  control  system 
which  includes  the  weapons  direct  ion  system  and 
the  fire  control  system*  linked  by  communica¬ 
tion  systems,  all  working  Together  to  get  the 

missile  to  the  target.  Radars  (and  sonars  for 
detecting  and  tracking  targets,  and.  computers 
are  part  of  the  fire  control  system.  The  speed 
of  modern  aircraft  and  missiles  makes  com¬ 
puters  a  practical  necessity  to  compute  target 
speed,  target  angle*  etc.,  in  time  to  align  the 
launcher  and  missile  and  send  Che  missile  to 
intercept  the  target.  The  weapons  direction 
equipment  is  a  roomful  of  electronic  equipment 

that  includes  a  target  selection  and  tracking 

console,  director  assignment  console,  weapon 
assignment  console,  and  iruided  missile  statu? 
indicator.  Thig  chapter  will  not  discuss  the 
operation  of  any  of  the  above  equipment  a;  it 
will  tell  only  how  they  affect  the  behavior 

□f  the  missile  in  flight, 


PURPOSE  AND  FUNCTION 
BASIC  REQUIREMENTS 


The  first  requirement  of  a  control  system 

ig  a  means  of  sensing'  when  control  operations 

are  needed.  The  system  must  then  determine 
what  controls  musi  be  operated,  and  in  what 
way*  In  an  airplane,  the  pilot  checks  his  instru- 
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Chapter  5— MISSILE  CONTROL  COMPONENTS  AND  SYSTEMS 


FAC  TORS  C  ONTR  OLLED 


Missile  course  stability  is  made  possible  by  (pitch t  roll,  and  yaw). 


in  any  direction,  and  each  Jet  must  respond  to 

signals  from  any  of  the  three  control  channels 


devices 


control  the  angular  movement 


A  control  system  using  four  movable  jets  is 


(also  called  rotational  movement)  of  the  mis-  shown  in  figure  5- 2.  Each  jet  turns  in  only  one 


sile  about  its  three  axes.  The  three  flight 


plane. 


Two  of  the  jets,  “I  and  ^3,  control  vau. 


control  axes  are  shown  in  figure 2- 7h  These  are  Jets  2  and  4  control  pitch,  and  all  four  jets  are 
the  pitch,  yaw*  and  roll  axes.  Chapter  2  de-  used  together  to  control  roll. 


scribes  how  missile  control  surfaces  are  used 


of  P ola  r is  A3  us es  Eou r 


to  maintain  the  stability  of  the  missile  in  flight,  movable  nozzles  tu  control  pitch,  yaw,  and  roll 
The  second  type  of  movement  called  translation,  of  the  missile.  The  actuators,  which  are  moved 
includes  any  LINEAR  niov  ement  of  the  missile,  by  hydraulic  power,  arc  connected  directly  to  the 
For  example,  a  sudden  gust  of  wind  or  an  air  rotatable  nos;? les,  Control  signals  are  received 


pocket  could  throw'  a 


a  considerable 


from  the  electronics  package  in  the  missile. 
The  second  stage  of  Polaris  A3  uses  a  fluid 


distance  off  the  desired  trajectory  without 
causing  any  significant  angular  movement.  If  injection  system  in  which  pressurized  Frertn  is 
you  have  ever  flown  in  an  airplane*  this  should  injected  Into  one  or  more  of  four  fixed  nozzles, 
be  fairly  easy  to  understand.  If  the  plane  hits  an  upon  signal  from  the  electronics  package  of  the 
air  pocket,  it  may  drop  several  hundred  feet  but  missile*  Two  injector  valves  are  mounted  dia** 
still  maintain  a  straight  and  level  attitude*  Any  metrically  opposite  each  other  on  each  motor 


linear  movement,  regardless  of  direction,  can 


nozzle 


Older  mods  of  Polaris  use  jetevators 


be  resolved  into  three  components;  lateral  (see  chapter  2)  to  control  missile  movement 


movement,  vertical  movement,  and  movement 


Positions  of  the  jets  are  controlled  by  hy- 


in  the  direction  of  thrust.  Thus,  in  addition  to  draulic  cylinders  linked  to  the  engine  housing, 
the  three  angular  degrees  of  movement,  we  have  One  cylinder  and  linkage  ie  required  for  each 


three  linear  degrees  of  movement.  A  missile 
in  flight  can  therefore  be  said  to  have  six 
degrees  of  movement. 


METHODS  OF  CONTROL 


The  direction  in  which  hydraulic  p rea¬ 
ls  determined  by  an  actuator. 


engine, 
sure  is 

The  signals  produced  by  errors  about  the 

missile  axes  of  tea  ns  Is  tiers  and  rotation  a  re  com¬ 
bined  by  the  missile  computes-  network  (o  form 


We  have  discussed  missile  control  from  the 


standpoint  >f  moving  the  missile  control  sur¬ 
faces,  Since  some  operational  guided  missiles 
function  at  extremely  high  altitudes  where 
contrn]  surfaces  arc  not  effective  idbetolowair 
density  )f  other  means  of  correcting  the  missile 
flight  path  have  been  devised.  The  basic  con¬ 
cepts  of  missile  control*- without  the  use  of 


control  surfaces— are  outlined  in  chapter  2. 
These  are  the  exhaust  or  jet  vanes  placed 
in  the  jet  stream  of  the  propulsion  system 
(fig.  2-1  BE',';  fixed  jets  placed  around  the  missile 

(fig,  2- 1 SA );  and  the  movable  ;et  (fig.  2-1 BC), 

which  is  a  gimbaled  engine  mounting.  (The 
gimbaled  arrangement  is  not  unlike  that  used  to 
permit  universal  movement  of  a  free  gyro,) 

The  engine  is  mounted  so  that  tt$  exhaust 
end  is  free  to  move  and  thus  direct  the  exhaust 
gases  in  a  desired  direction. 

The  glmbaled  engine  mounting  does  not  give 


Ml  control  about  all  three  axes.  It  cannot 
control  roll.  To  get  control  on  all  axes,  two 
E i rubai- mount ed  jets  can  be  positioned  as  shown 
In  figure  2-lflC,  Both  jets  must  be  Ire  e  t  ■  move 
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correct  loti  signals.  When  these  correction  sig¬ 
nals  :irc  applied  to  the  controller  mechanisms, 
action  of  These  mechanisms  results  in  keeping 
the  missile  In  its  correct  flight  path  and  at  the 

proper  attitude. 

TYPES  OF  CONTROL  ACTION 


The  basic  control  signals  may  come  from 

inside  the  missile y  from  an  outside  source. 
Of  both.  To  coordinate  the  signals s  computers 

are  used  to  mix,  integrate,  and  rate  the  sig¬ 
nal  impulses*  In  a  missile  control  system,  die 

re  ni  emb  e  rhig  is  done  by  integrating  devices  and 

the  anticipation  lof  what  to  do  next)  is  done  by 

rate  devices* 


The  CO  input  or  network  can  be  thought  of  as 

(or  the  pilot)  of  the  missile.  The 


the 

computer  network  takes  into  account  guidance 
signals,  missile  movement,  and  control  surface 
positions.  By  doing1  this  continuously,  it  can 

generate  error  signals.  These  signals  cause 
control  surface  movements,  ora  change  in  the 
jet  stream  direction  as  described  above,  that 
tend  to  keep  the  missile  at  its  design  attitude 
and  on  its  correct  trajectory.  Actually,  a  mis¬ 
sile  is  rarely  at  its  design  attitude  or  exactly 

on  its  prescribed  trajectory.  Like  a  ship,  the 
missile  continuously  yaws,  rolls,  and  pitches, 
and  experiences  movements  of  t  rnnslm  i  on ,  The 
computer  network  eanbe  compared  to  the  helms¬ 
man  on  a  ship.  Both  are  always  making  cor¬ 
rections.  Seldom  is  either  absolutely  right. 

The  terms  "error  signal"  and  '“correction 


signal 


J  F 


are  used  almost  interchangeably 


Strictly  speaking,  the  signal  that  orders  move¬ 
ment;  a:  the  control  surfaces  to  correct  errors 


is  a  correction  signal.  It  originates  in  the  control 
section  of  The  missile.  Signals  that  tell  the  com¬ 
puter  about  deviation b  in  flight  path  are  error 

signals  and  originate  in  the  guidance  system. 

Since  all  of  these  signals  concern  errors  they 
may  be  called  error  signals* 

An  automatic  control  system  of  this  type  is 
generally  referred  to  as  a  SERVOMECHANISM, 
discussed  later  in  this  chapter* 

The  job  of  a  computer  in  a  fire  control  sys¬ 
tem  is  to  convert  available  Information  such  as 

speedsj  locations,  and  ballistic  data,  into  re¬ 
quired  information  such  ns  fuze  setting s,  and 

missile  orders.  It  does  this  by  use  of  a  complex 

of  components  und  devices  that  make  up  the- com¬ 
puter  network.  According  to  their  manipulation 

of  control  signals,  they  may  be  classed  as: 


MIXERS,— The  mixer  combine  e  guidance  and 


control  signals  in  the  correct  proportion,  sense 


and  amplitude,  in  other  words,  a  correction 


signal  must  have  the  correct  proportion  to  the 


error,  must  sense  the  direction  of  error,  then 


apply  corrections  in  the  proper  amplitude. 


operates  the  load  by  producing  an  error  signal 


proportional  to  the  amount  of 


from 


the  control  signal  produced  by  a  sensor 


RATE.— Rate  control  operates  the  load  by 


producing  an  error  Signal  proportional  to  the 


speed  at  which  the  deviation  is  changing.  This 


output  is  usually  combined  with  a  pr 


signal  to  produce  the  desired  change  in  mis¬ 


sile  ittitud?  or  direction. 


These  are  not  names  of  single  components, 


but  rather,  they  designate  the  type  of  action 


performed  by  one  or  more  components  in  the 


system. 


TYPES  Of  CONTROI  SYSTEMS 


PROPORTIONAL,— The  proportional  control 


Regardless  of  which  method  of  trajectory 
control  is  used,  whether  by  movement  of  con¬ 
trol  surfaces,  jet  vanes,  movable  or  fixed  jets, 

movable  or  fixed  nozzles,  or  fluid  injection, 
all  must  us 9  seme  source  of  pf-wer  tn  make 
the  movements.  This  power  is  Initially  produced 
by  hot  gaecar  compressed  or  high  pressure  air, 
0 y  electrical  means*  The  power  is  transmitted 
from  tiie  supply  sources  to  the  movable  controls 

by  PNEUMATIC t  ELECTRICAL  or  MECHANI¬ 
CAL  means,  or  by  using  a  HYDRAULIC  trans¬ 
fer  system  in  conjunction  with  the  sources  men-. 
Honed  above* 

Before  getting  into  the  details  of  specific 
types  of  control,  let  us  first  take  a  general 

look  at  several  possible  controllers  and  corn- 
par  9  so  me  of  their  advantages  and  disadvan¬ 
tages* 

A  pneumatic  system  which  depends  on  tanks  of 

compressed  air  is  obviously  limited  in  range. 
Since  air  or  arty  other  gas  is  compressible, 

the  movement  of  a  pneumatic  actuator  is  slow 

due  to  the  time  it  takes  to  compress  the  air 
ih  the  actuator  to  a  pressure  sufficient  to  move 

it.  Hydraulic  fluid  is  practically  incompress¬ 
ible  and  will  produce  a  faster  reaction  on  an 

actuator,  especially  when  the  actuator  must 
move  against  large-  forces,  Thus,  large,  high 

sp&ed  missiles  are  controlled  by  hydraulic 

actuators. 
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A  hydraulic  system  normally  weighs  more  the  APS  systems  rely  on  the  main  combustion 

because  it  needs  a  pump,  reservoir,  and  a  ecu-  chamber  as  the  initial  source  of  energy*  Others 
rmilator.  Also,  a  hydraulic  system  is  hard  to  have  their  own  energy  sources  completely  sepa- 
malntain,  requiring  fillip  aitd  bleeding  opera-  rate  from  the  main  propulsion  unit.  Whatever  the 

source  of  energy,  APS  systems  may  be 
in  two  broad  categories— STATIC  and 


lion  s 


At  the  high  altitudes  at  which  most  missiles 
are  intended  to  fly,  temperature  and  pressure  DYNAMIC.  In  the  static  systems  energy  is 
are  severely  reduced.  This  has  an  effect  on  used  in  the  same  form  in  which  it  is  stored.  In 
any  type  of  control  system.  At  extreme  altitudes  the  dynamic  systems  energy  Is  changed  from  One 

hydraulic  fluid  may  he  useless  due  to  severe  form  to  another  by  a  conversion  unit, 
changes  in  its  viscosity.  Air  bubbles- in  metal 

parts  may  expand  and  create  malfunctions.  High  System  Requirements 
altitude  lubrication  of  mechanically  moving 

parts  must  be  considered.  Changes  Of  tempera-  Before  taking  up  specific  systems,  there  are 

tcre  also  affect  the  opera!  ion  of  electronic  parts,  several  general  requirements  for  an  APS  system 


Very  few  missiles  have  been  designed  which 


That  we  will  mention  briefly.  First,  the  system 


do  not  have  some  part  that  operates  by  elec-  must  be  able  to  deliver  the  necessary  power 


trie  it  y 


The  use  of  an  all  electric 


during  all  conditions  of  missile  flight*  Second, 


system  would  place  all  the  equipment,  except  the  system  must  be  able  to  respond  quickly  and 


the  propulsion  unit,  within  the  electrical  field. 


Tii  la  would 


accurately  to  demands  made  on  it.  Third,  the 


manufacture,  assembly,  system  must  be  of  minimum  size  a  ltd  weight  con 


wires,  rather  than  by  hydraulic 


aiKi  maintenance*  Also,  it  would  be  easier  to  Bistent  with  the  requirements  it  must  meet* 

transmit  information  or  power  to  all  parts  of  Fourth,  the  system  must  bo  durable  enough  to 

withstand  long  storage  under  a  eve  re  conditions* 

STATIC  SYSTEMS*— As  previously  men¬ 
tioned,  the  static  AP.?  systems  use  energy  in  the 

same  form  in  which  it  is  stored.  For  example, 

tht  electrical  energy  in  a  storage  battery  may 


the  missile  by 

or  pneumatic  tubing,  Disadvantages  of  all- 

electric  control  systems  will  be  discussed  later 
ih  this  chapter. 

Ah  all-mechanical  control  system  in  a  mis¬ 
sile  IS  not  very  probable,  In  an  a  11- mechanical  be  used  directly  to  operate  solenoids*  Corn- 


system  error  information  would  he  transfer  red 


pressed  air  also  may  be  used  directly  to  op- 


frbm  a  mechanical  sensor  by  some  mechanical  erace  control  system  components.  Static  ays- 

means  such  as  a  gear  train^  cable,  rotating  or  toms  require  nc  rotating  machinery  fur  energy 

sliding  shaft,  or  chain  linkage.  This  linkage  conversion* 

would  then  connect  to  the  correcting  devices  DYNAMIC  SYSTEMS,— In  dynamic  systems 
such  as  control  surfaces  or  movable  jets.  In  energy  is  changed  from  one  form  to  another* 
addition,  any  computing  devices  in  the  system  For  example,  the  potential  energy  in  compressed 


would  atsu  be  mechanical. 

The  major  disadvantages  of  a  mechanical 


air  may  be  changed  to  electrical  energy  through 
an  air-driven  turbine  and  electric  generator* 


control  system  are  that  too  much  power  would  The  same  is  true  of  combustion  gases  taken  from 

be  required  to  move  the  necessary  (and  heavy)  either  the  main  combustion  chamber  or  a  sep- 

_  _  _  a  ■  m  l  ■  ■.  n  2  _  -  _ 


gear  trains  and  Linkages,  and  the  fact  that  in-  arate  auxiliary  combustion  chamber 


Liquid 


atallatlon  of  an  all- mechanical  system  would  fuel  may  be  tapped  off  the  main  propulsion  fuel 
he  extremely  difficult  in  the  small  space  allotted,  tank  anri  used  to  drive  an  auxiliary  engine. 


To  gain  advantages  and  offset  disadvantages 


of  the  different  types  Of  control,  combinations 
ir&  used,  such  as  pneumatic -elec  trie,  hydraulic- 

electric,  hydraulic -mechanical,  or  others. 


Auxiliary  Power  Supply  Unit 


ENERGY  SOURCES 


Missiles  contain  auxiliary  power  supply 
(APS)  systems  in  addition  to  the  main  engine 
required  for  thrust.  The  APS  systems  pro- 


'he  components  of  the  auxiliary  power  supply 

may  be  packaged  as  a  unit,  The  unit  includes  a 
separate  and  special  generator,  usually  of  the 
gas  turbine  variety,  used  for  the  production 

of  on-boa rd  power.  Tt  can  be  either  a  solid 

propellant  or  a  liquid  propellant  hot  gas  gen¬ 
erator  tha;  in  duct  -  c  onhect  ed  to  a  turbine  which 


vide  a  source  of  power  for  the  many  devices  In  turn  is  connected  by  a  shaft  to  an  electric 


required  for  successful  missile  flight.  Some  of 


generator.  The  turbine  is  nn  energy  conversion 
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unit,  converting  potential  energy  to  kinetic 
energy*  The  Terrier  BT-3  missile*  (or  ex¬ 
ample*  hag  two  hot- gas  generators,  each  with 
its  package  of  solid  propellant.  The  hot-gas 
exhaust  from  one  generator  is  fed  to  the  mis¬ 
sile's  turbohydraulic  system  and  the  other  *oes 
to  the  turbo  electric  system.  The  Tartar  mis¬ 
sile  has  similar  hot- gas  generator  systems  to 
power  the  hydraulic  and  the  electric  compo¬ 
nents  of  the  missile.  These  hot-gas  generators 
provide  a  significant  saving  in  space  and  weight 
over  the  compressed  air  system  formerly  used 
In  the  Terrier  missile*  They  are  placed  in  the 
aft  section,  near  the  tail,  which  is  eont rolled 
by  the  hydraulic  system.  All- electric  systems 
are  planned  to  replace  hot-gag  generators. 
Other  power  supply  units,  usually  with  a 
battery  source,  are  assembled  as  " package 
units"  that  can  be  easily  installed  or  removed 
from  the  missile.  The  Tartar  missile,  for 
example,  has  five  "wheels”  in  its  electronic 
section,  each  with  its  own  power  supply*  so  if 
there  is  failure  in  one  “wheel"  it  does  not 


affect  the  operation  of  the  others  and  the  de¬ 
fective  one  can  he  replaced  without  disturbing 


the  others. 

These  internal  power  supplies  are  not  used 
until  after  the  missile  is  in  flight.  As  long  as 

the  niissik  is  on  the  launcher,  power  is  supplied 

front  the  ship's  (or  aircraft)  power.  (Talcs  uses 
some  of  its  internal  battery  power  momentarily 
before  warmup  power  is  applied  on  the  launcher. 

Not  all  missiles  use  hot-gas  generators  to 
provide  auxiliary  power.  The  Tail  os 


has  an  air-driven  hydraulic  pump  assembly 
■-which  uses  air  taken  in  through  the  diffuser 
in  the  missile  nose.  The  power  system  con- 
slats  of  an  accumulator*  a  >umpf  and  the  air- 
driven  hydraulic  pump. 


Descriptions  of  solid- propellant  and 
propellant  hot -gas  auxiliary  systems  fol 


A  BASIC  SOLID  PROPELLANT  SYSTEM  is 
diagrammed  m  figure  5-3.  Jt  does  not  repre¬ 
sent  any  specific  auxiliary  power  supply  system 
now  in  use. 


The  propellant  chamber  or  Combustor  con¬ 
tains  the  propellant  charge— a  balListite  or  re¬ 
lated  type  of  powder  grain— and  a  black-powder 
Igniter  and  squib,  in  a  propellant  train  sequence. 
After  the  squib  is  ignited  (usually  Just  before 
launch)  the  propellant  burns  and  evolves  hot  gas 


to  build  up  pressure  in  the  chamber.  The  pres¬ 
sure  is  regulated  by  a  regulating  valve*  which 
admits  air  to  a  gas  turbine  {either  multiple-  or 
s  i ngl e- siag  e }.  The  turbine  i#  gea  red  to  a  hydrau¬ 
lic  pump  and  pressure  regulator  and  to  an  alter¬ 
nator.  In  the  system  diagrammed*  hydraulic 
fluid  output  goes  direct  to  the  hydraulic  servos 
and  other  hydraulic  system  units,  and  is  then 


recirculated  back  to  the  pumps. 


Alternator 


output  goes  direct  to  those  units  that  requires 


a-c,  and  through  a  rectifier  and  voltage  regu¬ 
lator  to  furnish  regulated  d-c.  A  flyball  gov¬ 
ernor  \X&  principle  similar  to  those  on  old- 
fashioned  stationary  reciprocating  steam 
engines)  may  be  used  to  govern  alternator  speed 
to  regulate  a-c  frequency  and  voltage.  In  one 
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Figure  5-3,— Typi  ea  1  solid-propellant  auxiliary 


power  supply. 
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design,  a  separate  turbine- driven  rotor  gen¬ 
erates  a  current  which  is  fed  bark  to  an  in¬ 
duction  brake  to  regulate  turbine  spEed. 

In  other  designs*  there  is  no  hydraulic 

pump;  instead,  the  turbine  exhaust  charges  an 

accumulator  to  develop  hydraulic  pressure* 
If  the  system  uses  pneumatic  actuators,  com¬ 
bustor  exhaust  may  be  led  direct  to  the  actua¬ 
tor  control  valves* 

Both  Terrier  and  Tartar  hot- gas  auxiliary 

systems  use  a  single  stage,  axial  flow  impulse 

type  turbine  of  the  type  shown  in  figure  5-4 A. 
In  this  turbine,  the  gases  expelled  through  the 
nozales  are  not  reversed  in  direction,  but  make 
only  one  pass  through  the  turbine  bladEs.  In  a 

Terry  turbine  (fig.  5-4E),  the  products  of 

combustion  arc  led  through  a  gas  manifold 

ring  and  pass  through  the  nozzles*  The  gases 
then  impinge  at  high  velocity  on  the  semi¬ 
circular  recesses  i  buckets)  milled  Into  the 
periphery  Of  the  wheel.  In  passing  through 

the  buckets  the  direction  of  flow  is  reversed 
180  degrees.  The  gases  are  then  caught  by  a 

semi  circular  reversing  chamber  in,  the  casing, 

where  they  are  again  reversed  1 3CT  and  returned 
to  the  wheel*  The  process  is  repeated  five  times 
through  a  00"  arc  of  the  turbine  housing,  after 

which  the  gases  are  exhausted.  Reversing  the  hot 
gases  several  times  gives  a  multiple- stage 
effect,  thereby  using  mo  re  of  the  potential  energy 

in  the  gases. 

The  electrical,  mechanical,  and  hydraulic 
components  discussed  here  may,  uf  course, 

be  used  equally  well  with  liquid-fueled  gas 
turbines. 

A  BASIC  LIQUID  PROPELLANT  SYSTEM  is 
shown  in  figure  5-5.  High-pressure  inert  gas 
Rows  from  the  gas  flask  through  the  arming- 

valve  and  the  pressure  reducer  valve.  The 

arming  valve  is  tripped  just  before  launch. 

The  gas  flows  into  and  inflate  a  the  fuel  tank 
bladder.  The  fuel  tfmk  (fig,  5-S'  consists  of  a 

metal  Lank  with  a  plastic  bladder  inside  it.  The 
fuel  (in  this  case  concentrated  H^Qg— hydrogen 

peroxide)  is  stored  in  a  m  eta  tank.  As  the 

pressurized  gas  fills  the  bag  at  a  regulated  rate 

the  fuel  i.g  forced  out  of  the  tank  at  a  corres¬ 
ponding  rate,  A  check  valve  prevents  a  return 

fuel  flow  and  transmission  of  pressure  waves 

from  the  decomposition  chamber  to  the  fuel  tank* 
The  throttle  valve  regulates  fuel  flow  to  the 
decomposition  catalyst  tank*  When  the  fuel 

comes  into  contact  with  the  decomposition 

catalyst  (NaMtt04- sodium  permanganate)  it 

breaks  down  into  free  oxygen  -O^ )  and  steam. 


(Other  chemical  changes  take  place,  too, but  this 
is  the  main  power-producing  reaction.)  The?  heat 
energy  produced  in  this  process  is  a 3  much  as 
can  be  used  efficiently  tn  small  turbines;  hence 
t  tie  re  is  no  need  to  burn  the  free  OXygen  produced 

by  tti e  d e c omposition  of  the  peroxide.  The  tu rb  1  n e 
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less  common  types  b  ecause  of  their  lower  weight 
per  unit  energy  storage,  longer  shelf  life,  better 
voltage  character istics,  greater  sturdiness,  and 
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types  used  are  silver-zinc,  nickel- cadmium 

Iso-called  " Edison’ '  type),  and  mercury.  The 

first  two  are  technically  secondary  or  storage 
cells  that  can  be  recharged,  while  the  last  is 

a  primary  type  that  cannot  he  easily  re  charged. 

However,  in  the  necessarily  narrow  vocabulary 
of  missile  and  space  specialists,  any  chemical 

battery  is  considered  a  primary  type  if  It  is 

intended  to  be  used  once  only,  regardless  of 
its  nominal  rechargeabilitv . 

The  silver- zinc  battery,  which  required  hie 

addition  of  the  electrolyte  (potassium  hydroxide 

solution)  dt  the  time  the  power  was?  needed,  has 

been  largely  replaced  by  a  nickel -cadmium 

battery  which  can  be  recharged.  The  need  for 

it  viable  battery  in  the  missile  has  motivated 
much  research,  and  decided  improvements  have 

resulted.  While  the  batteries  in  a  missile  will 

be  used  only  once,  when  the  missile  is  fired, 

they  may  be  in  position  in  the  missile  a  long 

B*  B  ^  1  *  '  i  —  w  ■ 

time  before  this  event.  Lang  storage  life  and 

rechargeability  arc  two  important  qualities. 
The  newer  type  nickel- cadmium  batteries  have 
both  of  these.  While  their  shell  life  is  good  for 

several  years,  to  be  absolutely  sure  of  full 
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Figure  5-5,— Ba.sic  liquid- propellant  auxiliary 

power  supply. 


drives  a  hydraulic  pump  and  electrical  genera¬ 
tors  much  as  in  the  solid  propellant  unii, 

Because  the  shaft  speed  of  the  turbine  is  so 
very  high  it  is  necessary  to  use  a  set  of  reduc¬ 
tion  gears  between  the  turbine  and  the  alterna¬ 
tor  and  the  hydraulic  pump. 

AUXILIARY  SYSTEMS  USING  OTHER 
POWER  SOURCES. -One  Navy  missile  used  the 

main  engine's  propellant  to  drive  an  auxiliary 
power  unit.  This  was  Connie,  now  obsolete, 
in  which  a  small  gas  turbine  was  used  to  drive 

the  engines  fuel  and  oxidizer  pumps.  The 

auxiliary  power  supply  of  the  Regulua  was 

driven  by  the  main  engine  (turbojet)  of  the  mis¬ 
sile.  In  Talcs*  an  air-driven  turbine  drives  the 
hydraulic  pump  which  pressurizes  the  hydraulic 
fluid  used  to  operate  the  external  control  sur¬ 
faces.  During  the  boost  phase,  accumulators  of 
high- pressure  nitrogen  supply  the  pressure  to 

the  hydraulic  fluid* 

ACCUMULATORS  are  used  for  storing  high- 
pressure  inert  gas  :sueh  as  nitrogen)  tn  some 
missiles.  This  arrangement  is  or.e  of  the  two 
■ypes  of  static  power  units  to  he  found  in  Navy 

missiles.  The  arrangement  for  fuel  feed  de¬ 
scribed  above  for  liquid- propellant  auxiliary 

power  supplies  is  one  typical  method  of  using 

such  an  energy  storage  unit.  Another  Is  to 
valve  the  gas  directly  into  pneumatic  cylinders 

to  operate  aerodynamic  control  surfaces. 

CHEMICAL  BATTERIES  utilize  chemical  re¬ 
actions  to  develop  d-c  voltages.  Common  dry 

cells  and  lead-acid  storage  batteries  are  famil¬ 
iar  to  every  one.  Missile  power  supplies  rely  on 
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battery  power*  The  battery  is  removed  from  each 

missile  every  30  days  and  is  completely  re¬ 
charged,  In  tills  way,  there  is  always  a  fresh 
battery  in  the  missile.  These  batteries  can  be 
recharged  200  to  3Q0  times. 

In  some  missiles,  mercury  batteries  are 

used  instead  of  Use  old  type  dry  cel!  batteries 

where  a  small  voltage  is  desired. 

Another  type  of  battery  which  is  inert  until 
activated  is  one  if)  which  the  electrolyte  is  in 
solid  form  until  shortly  before  the  missile  is  to 
he  launched-  The  battery  will  nt  t  develop  an  out¬ 
put  voltage  unless  the  electrolyte  is  in 
farm.  In  this  arrangement*  a  detonating  voltage 
is  transmitted  to  a  squib  in  the  battery  just  be¬ 
fore  Launch-  The  squib  ignites  a  chemical  heat  ing 
mixture:  this  causes  the  electrolyte  to  liquefy 
and  the  battery  is  energized. 

This  type  is  called  a  thermal  battery  be¬ 
cause  it  requires  heat  to  cause  it  to  activate. 
Its  storage  life  is  indefinite ,  either  in  or  out  of 
the  missile.  Another  advantage  is  that  it  does 
not  have  caustic  or  acid  electrolyte  that  can 
spill  out  and  be  a  hazard. 

The  fuel  cell  is  a  type  of  chemical  battery 
unlike  primary  and  storage  batteries  of  the  kind 
discussed  above.  In  fuel  cells*  electric  current 
is  produced  directly  from  oxidation  of  a  fuel,  or 
from  a  similar  chemical  reactii  n.  The  reaction 
is  speeded  by  a  catalyst'  platinum  is  used  at 
present,  but  search  is  continuing  for  a  cheaper 
catalyst.  So  far  no  fuel  cell  has  been  developed 
to  a  point  where  it  Inis  b  een  adapted  for  use  in  a 
Navy  missile,  but  it  is  likely  that  some  such 
development  will  come  in  the  relatively  near  fu¬ 
ture,  Successful  e xp or fm e nt al  fuel  cells  have 
been  produced  which  use  hydrazine  fuel  with 
oxyg  en  a  s  the  ox  id  iz  e  r ,  A  hyd  r  og  e  n  -  oxy  gen  c  cl  1 
is  specified  for  the  two-man  Gemini  flights. 

Fuel  cells  will  also  be  used  for  the  Apollo  moon 
flight  s- 

OTHER  TYPES  OF  BATTERIES.— At  least  in 
theory,  batteries  of  types  other  than  chemical 

('an  be  used  in  guided  missiles  for  auxiliary 
power  supply.  At  the  present  writing,  sol  nr  cells 
have  been  used  successfully  to  power  satellite 
sensors  and  data  transmitters,  but  so  far  they 
have  not  been  employed  in  guided  missiles. 

A  solar  battery  converts  the  energy  of 
light  into  electric  energy.  The  most  common 

solar  cell  is  a  silicon  photovoltaic  cell;  selen- 

cells  ore  also  used.  Temperature  has  a 
considerable  effect  on  the  output.  Contrary  to 
the  usual  effect,  the  output  goes  up  as  the  temp¬ 
erature  decreases. 


Nuclear  power  cells  similar  to  those  devel¬ 
oped  experiment  ally  by  ttae  Atomic  Energy  Com¬ 
mission's  SNAP  program  might  also  be  used  in 


t  although  at  present  this  see  ms  unlikely 
because  of  the  anticipated  high  coat  of  such  units 
and  because  their  principal  characteristics  do 

not  seem  to  meet  the  requirements  of  missile 
systems-  Specifically,  nuclear  cells  character¬ 
istically  can  produce  a  fairly  constant  current 

Over  a  period  of  y  ears,  but  in  their  present  state 
ol  development  require  substantial  shielding. 

Satellites  require  a  reliable  power  supply  over  a 
prolonged  period,  but  missiles  ric  not,  and  the 
penalty  of  either  radioactive  hazard  or  heavy 
shielding  seems  like  an  unnecessary  one  to  pay 
so  far  as  missiles  are  concerned. 


In  use,  batteries  either  feed  d-c  directly  to 
electronic  and  electrical  units  that  require  ittor 
drive  alternators  to  furnish  a-c.  D-c  motor- 
driven  hydraulic  pumps  furnish  hydraulic  fluid 
under  pressure,  (A  battery  can  also  drive  a 
vibrator -type  a-c  supply-} 


CONTROL 

SERVOSYSTEM 


We  mentioned  before  that  the  missile  control 
system  is  a  servomechanism.  In  performing  its 
function*  a  servomechanism  takes  an  order  and 
carries  it  out.  In  carrying  out  the  order*  it 
determines  the  type  and  amount  ol  difference 
between  what  should  be  done  and  what  is  being 
done-  Having  determined  this  difference*  the 

servomechanism  then  goes  ahead  to  change 
what  is  being  done  to  What  should  be  done*  In 
order  to  perform  these  functions,  a  servo¬ 
mechanism  must  be  able  to: 


1.  Accept  an  order  which  detines  the  result 

desired, 

2.  Evaluate  the  existing  conditions - 

3.  Compare  the  desired  result  with  the 
existing  conditions,  obtaining  a  difference  be¬ 
tween  the  two. 


4,  Issue  an  order  based  on  the  difference  so 
as  tq  change  the  existing  conditions  to  the  desir¬ 
ed  result. 

5.  Carry  out  the  order. 

For  a  servomechanism  to  meet  the  require¬ 
ments  just  stated,  it  must  be  made  up  of  two 
systems— an  error  detecting  system  and  a  con¬ 
trolling  system.  The  load,  which  is  actually 
the  output  of  the  servo,  can  be  considered  part 

of  the  controller* 
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By  means  of  servosy  stems,  some  property  of 
a  load  is  made1  tn  conform  zo  a  desired  condition. 

The  property  under  control  ia  usually  the  po¬ 
sition,  the  rate  of  rotation,  or  the  acceleration 

of  the  load.  The  system  may  be  composed 
of  electrical,  mechanical,  hydraulic, pneumatic, 

or  thermal  units,  or  of  various  combinations  of 
these  units.  The  load  device  may  be  any  one  of 
an  unlimited  variety;  a  missile  control  surface, 
the  output  shaft  of  an  electric  motor,  and  a 

radar  tracking  antenna  arc  a  few  typical  ex- 


OPEN-  AND  CLOSED-LOOP 


In  the  examples  given  above,  the  power  source 
is  controlled  directly  by  manual  adjustment  of  a 
switch  or  of  a  rheostat,  in  more  complicated 
servo  systems,  control  signals  are  applied  to 

che  power  device  by  the  action  o;  an  electrical 
or  a  mechanical  device  rather  than  by  manual 
means. 

Automatic  ServQSy stems  can  be  divided  into 
two  basic  types:  open-loop  and  closed-loop 
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Figure  5- 1.—  Elementary  control  circuit; 

A.  Discontinuous  control;  E,  Continuous  control. 
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Comparison  with  the  input  value*  The  resultani 


ia  a  signal 


is  proportional  to  the  differ¬ 


ence  between  input  an d  output.  Thus,  the  system 
operation  is  dependent  on  input  and  output  rather 
than  on  input  alone. 

Of  the  two  basic  types,  closed- loop  control 
(also  called  followup  control)  is  by  far  the  more 
widely  used,  particularly  in  implications  where 

speed  and1  precision  of  control  are  retired* 

The  superior  accuracy  of  the  closed -loop  sys¬ 
tem  results  from  the  followup  function  which  is 
not  present  Ln  open- loop  systems.  The  closed- 
loop  device  goes  into  operation  automatically 
to  correct  any  discrepancy  between  the  desired 
output  and  the  actual  load  position,  responding 

to  random  disturbances  of  the  load  as  well 

as  to  changes  in  the  input  signal. 


CONTROL LAB  I  E  FACTORS 


The  missile  control  system  is  actually  a 
closed -Loop  servomechanism  in  itself.  It  is 
able  to  detect  roll,  pitch,  and  yaw,  and  it  is  able 


to  position  the  movable  control  surfaces  in  ac¬ 
cordance  with  this  attitude  information,  it  is 
very  important  that  you  understand  that  the 

control  surfaces  are  not  positioned  on  the  basis 

of  attitude  information  alone.  It  is  again  pointed 
out  that  movement  Information,  guidance  sig¬ 
nals,  and  control  surface  position  informa¬ 
tion  are  continuously  analyzed  in  the  computer 

network.  The  correction  signals  are  contin¬ 
uously  generated  on  the  basis  of  all  this  irsfor- 
m  ation. 


OVERALL  OPERATION 


Before  studying  the  individual  components 

oi  the  missile  control  system,  let  us  lake  a. 

brief  look  at  the  operation  of  the  system  as  a 
whole.  Figure  5-9  shows  the  basic  missile 
■ontrol  system  in  block  diagram  form.  You 
will  notice  that  the  system  is  shown  in  con¬ 
siderably  more  detail  than  that  in  figure  5-1. 

Free  gyroscopes  provide  physical  (spatial)  ref¬ 
erences  from  which  missile  attitude  can  be 
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Figure  &-&,— Basic  missile  control  system. 
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determined.  For  any  particular  missile  at¬ 
titude,  free  gyro  signals  are  sent  from  the 

gyroscopes  to  the  computer  network  of  the 

missile. 

These  signals  are  proportional  to  the  amount 
of  roll,  pitch,  and  yaw  at  any  given  instant. 

Alter  these  signals  bavr  been  compared  with 
other  information  for  example,  guidance  sig¬ 
nals  ),  correction  signals  result.  The  correction 
signals;  are  orders  to  the  controller  to  position 
the  control  surfaces.  The  purpose  of  the 
amplifier  is  to  build  the  weak  correction  sig¬ 
nals  up  to  sufficient  strength  to  cause  actua¬ 
tion  of  the  controller,  A 3  in  any  closed- 
loop  serv  nay  stem,  followup  information  plays 

an  important  rcle.  A  followup  mechanism  con¬ 
tinuously  measures  the  positions  of  the  control 
surfaces  and  relays  signals  back  to  the  com¬ 
puter  network. 

External  Followup 


direction  system  and  the  lire  conirol  systems 
arid  their  related  components  comprise  the 
weapons  control  system.  These  shipboard 
equipments  control  all  weapons  aboard,  includ¬ 
ing  guns,  missiles,  and  torpedoes.  The  mis¬ 
sile  control  systems  are  in  the  missile,  and 
may  receive  direction  from  shipboard  equip¬ 
ment. 

REFERENCE  DEVICES 

Tn  Order  to  determine  errors  accurately, 

the  complete  control  system  must  have  refer- 

ence  values  built  in.  The  system  is  then  cap¬ 
able  of  sensing  a  change,  comparing  the  change 
to  a  reference,  determining  the  difference,  then 
starting  a  process  that  will  reduce  the  ciiEfer- 

once  to  aero. 

The  reference  units  in  a  missile  control 
system  are  of  three  kinds— voltage  references, 
time  references,  and  physical  references. 


In  addition  to  the  internal  followup  which 
is  actually  measured  by  a  mechanism,  we  can 
think  of  the  missile's  movement  •] electing  de¬ 
vices  as  providing  an  external  followup  feature:. 
The  fact  that  the  gyroscopes  continuously  de¬ 
tect  cha  nging  ml  s  3  lie  art  itud  e  i  nt  ro du  c  es  th  e  i d  ea 
of  -external  foil 0 wup *  This  is  represented  by 

the  dotted  line  in  figure  5-9* 

COMPONENTS  OF  MISSILE  CONTROL 
SYSTEMS 


P  U  RPOSE  A  N  UFJ  NC  T 10  K 


The  reference  device  : comparison  device, 
fig.  5-8)  provides  a  signal  for  comparison  -with 
a  sensor  signal,  90  that  equipment  In  the  missile 
will  £jknow"  when  the  missile  has  deviated  from 

■he-  desired  attitude.  The  reference  section  is 
connected  to  the  computer  section.  If  the 
reference  section  were  emitted  from  the  con¬ 


trol  section,  the  computer  would  be  unable  to 
compute  error  signals. 


Figures  5 


and  5-9  have  named  parts  of  a 


missile  control  system  and  some  of  the  com¬ 
ponents  have  been  discussed.  The  components 

may  be  grouped  according  to  their  functions. 

They  cannot  be  strictly  compartmentalized  as 
they  must  work  together  and  there  is  overlapping. 
Devices  for  detecting  missile  movement  may 

be  called  error- sensing  devices.  The  amount 

and  direction  of  error  must  be  measured  by  a 
fixed  standard:  reference  devices  provide  Ehe 


signal  for  comparison 


C  or  re  ct  i  on-  eo input  ing 


devices  compute  the  amount  and  direction  of 
correction  needed  and  correction  devices  carry 

out  the  orders  to  correct  any  deviation.  Power 
output  devices  amplify  the  error  signal,  but  the 
prime  purpose  is  to  build  up  a  small  computer 
output  signal  to  a  value  great  enough  to  operate 

the  controls*  The  use-  of  feedback  loops  pro¬ 
vides  for  smooth  operation  of  the  controls. 

Do  not  confuse  the  missile  control  system 

with  the  weapons  control  system*  The  weapons 


TYPES  OF  REFERENCE 

The  three  types  of  reference  signals;  will  be 

described  separately  tc  show  how  each  type  func¬ 
tions  lit  the  complete  control  system* 

Voltage 

In  some  control  systems,  the  ERROR  SIG¬ 
NALS  art  in  the  form  of  an  a-c  voltage  which 

contains  the  two  characteristics  necessary  to 
make  proper  corrections  in  the  flight  path* 
These  are  the  amount  of  deviation,  and  the 
direction  of  sense  of  the  deviation# 

The  amount  of  deviation  may  be  indicated  by 
the  amplitude  of  the  error  signal  so  that,  as 
th  e  devia ti  on  me  rea  s e  s ,  t h  e  a m plit ud. e  inc  r  ea  se  5 ; 

and  if  the  deviation  decreases*  the  amplitude 
decreases.  There fo r  0 ,  when  the  mis aiLe  att itude 
has  been  corrected  and  [here  is  no  longer  a 
deviation,  the  error  signal  amplitude  drops  to 

zero* 
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The  direction  of  deviation  may  be  carried, 
by  the  a-r  signal  as  a  phase  difference  with 
respect  to  ;he  phase  of  a  reference  signal. 
Only  two  phases  are  required  to  show  direc¬ 
tion  of  deviation  about  any  one  control  axis. 

When  a  phase- sensitive  circuit,  such  as  a  dis¬ 
criminator,  la  used  to  compare  the  error 

signal  with  the  a-c  reference  signal,  the  direction 

of  error  is  established  and  the  output  contain¬ 
ing  this  information  is  fed  to  other  control 
sections. 


In  most  cases,  the  a- c  reference  voltage  is 

the  a-c  power  supply  for  the  control  system.  It 
also  furnishes  the  excitation  voltage  for  the 

sensor  unit  that  originates  the  error  signal. 

The  controller  unit  {fig.  5-1)  usually  re¬ 
quires  a  d-o.  signal,  which  must  include  the 
information  contained  in  the  original  error 
signal.  The  amplitude  of  the  d-c  signal  shows 
the  amount  of  deviation.  The  direction  of  de¬ 


viation  is  indicated  by  the  polarity  of  the  d-c 

To  keep  the  d-c  signal  from  becoming 


signal. 


so  large  That  it  would  cause  over  control,  a 
limiter  circuit  is  used.  Limiters  require  a 

d-c  reference  voltage,  and  function  as  a  part 
of  the  reference  unit. 


Tt  m  e 


The  use  of  time  as  a  reference  is  familiar 

to  everyone.  One-  common  application  is  in  the 
automatic  home  washer.  A  clock- type  motor 
drives  a  shaft,  which  turns  discs  that  operate 
electric  contacts*  These  contacts  close  control 

circuits  that  operate  hot- and  cold-water  valves, 

start  and  stop  the  water  pump,  change  The 
washer  speed,  spin  the  clothes  dry,  and  finally 
shut  off  the  power.  Each  operation  runs  for  a 

specified  time  interval.  This  kind  of  timer  can 

be  used  for  certain  missile  control  operations. 

A  timer  may  be  used  to  start  a  variety  of  con¬ 
trol  functions,  Sometimes  a  timer  Is  used 
strictly  as  a  safety  device. 

Timer  control  unite  vary  considerably  in 
physical  characteristics  and  operations.  All  of 

them  require  an  initial,  or  triggering  pulse. 

Since  all  timers  in  a  complete  system  are  not 
triggered  it  the  same  time,  each  must  have  its 


own  trigger.  This  is  usually  an  electrical 


signal. 


It  may  be  fed  to  a  solenoid  which 


mechanically  triggers  the  timing  device* 

M e ehantea  I ,  el  set  r  i  ca  1 ,  and  p  neum  at  ic  ti  m  e  r  s 
are  used  in  mi 


es*  The  principles  are  ap¬ 
plicable  to  most  variations  you  will  run  across, 


The  use  of  timers  in  guidance  systems  is  de¬ 
scribed  in  the  chapters  on  the  different  types 
of  guidance  . 

MECHANICAL  TIM  ERS,  —  The  mechanical 


timers  used  in  guided  missiles  are  generally  of 

the  clock  type,  and  are  very  similar  in  operation 
tc  a  mechanical  alarm,  clock*  The  ordinary  alarm 
clock  can  be  set  for  a  time  delay  up  to  twelve 

hours*  The  timers  used  in  guided  missiles  can 
usually  be  set  only  lor  time  durations  In  seconds 
or  minutes.  As  with  the  alarm  clock,  the  me¬ 
chanical  tinier  in  a  missile  receives  its  power 

from  a  compressed  spring.  Since  the  timers 

used  ill  missiles  are  not  normally  started  until 

the  missile  is  Inflight,  tt  is  necessary  to  provide 

some  Type  of  triggering  mechanism  to  initiate 
the  timing  operation.  Usually  the  mechanism 
consists  of  a  linkage  which  is  actuated  by  ener¬ 
gizing  a  solenoid. 

It  is  also  possible  to  trigger  timers  by  the 
use  of  other  timers.  For  example,  a  S-mmute 
timer  could  trigger  a  1-  or  2- minute  timer* 
ELECTRIC AI  TIMERS.  —Two  types  of  elec¬ 
trical  timers  are  commonly  used  In  guided  mis¬ 
siles,  These  are  motor  timers  and  thermal 


timers.  It]  either  type,  the  triggering  Is  done  by 
art  electrical  signal,  and  the  time  interval  begins 

when  tli e  trigger  voltage  is  applied, 

MOTOR  TIMERS*- Figure  5-19  Illustrates 

the  principle  of  the  motor  timer,,  A  voltage  is 
applied  to  the  motor  to  cause  it  to  rotate.  The 


speed  of  the  output 


is  reduced  by  a  re¬ 


duction  gear  calibrated  in  accordance  with  the 

amount  of  time  delay  required*  The  switch  will 

be  Opened  or  closer  by  the  output  shaft,  depend¬ 
ing  on  the  particular  function  under  control.  The 
output  current  could  be  applied  toagyrptorquer 
or  a  throttle  valve.  By  the  addition  of  several 
items,  the  timer  may  be  made  to  recycle  itself 
as  shown  in  figure  6-11.  The  automatic  clutch 
in  the  figure  releases  the  actuating  arm  when 

the  arm  makes  contact  with  the  micros  witch. 

The  spring  returns  the  arm  to  its  initial  posi¬ 
tion  and  the  cycle  is  repeated.  Another  method 

of  releasing  Um  clutch  uses  mechanical  means. 
In  this  type,  a  linkage  between  the  actuating 

arm  and  the  clutch  would  perform  the  same 

function  as  the  electrical  release  signal. 

The  length  of  time  required  for  the  actuating 

arm  to  travel  from  the  starting  position  to  the 


paint  where  contact  is  made  is  the  delay  time  of 
the  unit, 


THERMAL  TIMERS.— Another  triggering 

method  involves  the  application  of  an  electrical 

signal  to  a  heater  coil  which  heats  a  bimetal 
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Figure  5-10.— Principle  of  ihe  mo-t^r  timer. 
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Figure  5-11.— Motor  timer  with  automatic  recycling  feature. 


atrip  and  causes  it  to  tend,  thus  opening  nr 
clog  lug  elect  rkvi  3  coot  acta,  his  m  e  c  h  od  ma  y  to  e 
more  familiar  when  you  contemplate  the  opera¬ 
tion  of  a  typical  thermostat  like  the  one  found  in 


the  home. 

Thermal  delay  tubes  and  thermal  relays  have 

been  used  extensively  to  perform  time  delay 
functions.  These  timers  have  a  great  advantage 


over  the  electrical  timers  in  the  ease  with  which 
they  recycle  themselves;  however,  they  are  not 
as  accurate  ns  the  electrical  timers,  Figure 
5-12  shows  a  thermal  delay  tube.  Its  compo¬ 
nents  are  bimetallic  strips,  a  beating  coil, 
and  a  set  of  contacts. 


When  a  triggering  voltage  is 


tne 


heating  coil  heats  ONE  of  the  bimetallic  strips. 

As  the  temperature  rises,  the  strip  deforms  and 


its  com  act  moves  toward  the  other  contact. 
When  the  bimetal  s^rip  has  heated  sufficiently, 
the  contacts  touch  and  the  output  circuit  is 

completed,  causing  the  preset  function  to  occur. 

The  amount  of  time  between  application  of 
the  triggering  voltage  and  closing  of  she  con¬ 


tacts 


spacing,  th 


temperature  characteristics  of  the  metals 


hli-p  ja+tHrtfi 


characteristics 


coil.  The  delay  time  is  preset  by  the  manu¬ 
facturer;  the  assembly  Is  then  placed  in  a  tube- 
type  enclosure,  and  the  air  is  pumped  out  of 

tiie  tube.  This  type  of  construction  f electron 
tube;  prevents  any  adjustment  of  the  time  delay. 


PNEUMATIC  TIMERS, -Pneumatic  timers 
operate  on  the  basis  of  the  time  required  for  a 

quantity  of  compressed  air  to  escape  through  a 

needle  valve.  The  opening  in  the  needle  valve 

can  be  adjusted  (time adjustment,  Jig,  5- 1,3 h  The 
smaller  the  orifice,  the  longer  it  will  take  the 
piston  to  come  down  far  enough  to  close  the 

contacts . 

There  are  two  general  types  of  pneumatic 
timers— piston  and  diaphragm. 

PISTON  TYPE  TIMERS,- Figure  5-13A 
shows  the  operation  of  a  piston  type  pneumatic 

timer.  This  type  of  timer  is  often  employed 

immediately  on  launching  a  missile.  The  sudden 


no 
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Figure  5- 1 2, —Thermal  delay  tube* 
iccjele ration  of  the  missile  at  launch  causes  the 

inertia  block  to  move  in  the  direction  indicated, 
Tliis  releases  the  catch,  and  the  timer  is  then  In 
operation.  Compressed  air  under  the  felt 

waaher  is  permitted  to  escape  through  the  preset 

Opening  of  the  needle  valve.  As  the  plunger 

move®  down,  due  to  the  decreasing  air  pressure 

and  the  force  of  the  spring,  the  contacts  come 
closer  together.  After  the  proper  time  delny, 
the  contacts  will  meet  .ujd  [he  output  circuit  will 
he  energized,  ranging  actuation  of  some  mecha¬ 
nism  in  the  missile. 

DIAPHRAGM  TIMERS,— Another  type  of 
pneumatic  timer  is  the  diaphragm  timer  shown 

in  figure-  5-13B*  The  tame  principle  is  involved: 
with  this  ulmer  as  with  the  piston  type.  Prior 
to  being  put  into  operation,  the  solenoid  is 

energized,  thus  holding  the  core  and  spring 

jji  the  position  shown*  At  this  time,  the  leather 

diaphragm  is  stretched  so  that  air  ig  per¬ 
mitted  to  enter  the  inlets.  When  the  solenoid 

is  deenergized,  the  spring  will  force  the  piston 
Upward,  closing  the  air  inlets.  The  air  will 
then  be  forced  to  escape  at  a  preset  rate 
through  the  noodle  valve.  As  with  the  piston 

type  timer,  a  function  In  the  missile  will  be 

actuated  when  sufficient  air  escapes  to  allcm- 

tbe  contacts  to  meet. 

Physical  References 

There  are  a  number  ol  references  for  missile 

control  Systems  other  than  the  voltage  and  time 


classifications  we  have  discussed.  The  remain¬ 


ing  types  have  been  grouped  under  th  rhea  ding  of 

physical  references.  They  include  gyros, 
pendulums,  magnetic  devices,  and  the  missile 
airframes.  They  may  be  compared  to  bench 

or  fixed  positions  from  which  measure¬ 
ments  can  be  made.. 


GYROS*— Although  gyros  are  physical  ref¬ 
er  rnces,  they  ore  discussed  under  the  heading 

of  sensors.  The  gyro  rotor  in  itself  cannot 

determine  missile  attitude  ml  or  mat  ion.  Rick- 


offs  must  be  used  in  conjunction  with  gyro®  to 
determine  missile  attitude  information.  The 

gyro  pickoff  .system  can  sense  any  change  in 

missile  attitude  with  respect  to  the  gyro* 


Pendulum 


The  pendulum  may  be  used  to  establish  a 

reference  line  in  a  guided  missile. 

Any  object  within  the  eartYs  gravitational  pull 

is  attracted  directly  inward  Hie  center  of  the 

PSr 

earth.  If  a  weight  is  suspended  on  a  string, 

the  weight  will  come  to  rest  in  such  a  Way  as 
to  cause  the  string  to  represent  the  direction 
of  she  true  local  vertical*  This  principle  finds 
a  common  application  :r.  the  carpenter's  plumb- 
bob. 

Some  gyros  ire  precessed  to  a  vertical 
position  by  a  pendulum  device  called  a  £- pendu¬ 
lous  pdekfiff  and  erection,  system*11  The  com¬ 
plete  gyro  system  is  called  a  vertical  gyro; 

it  may  Lbe  used  to  measure  the  pitch  and  roil  Of 
a  mi 


MAGN E TIC  D E V IC ES , -  Magnetic  compa s se s 

have  been  used  lor  centuries  to  navigate  the 

The  compass  enables  a  navigator  to  use 
the  lines  of  flux  of  the  earth's  magnetic  Held 
as  a  reference.  A  similar  device,  known  as  a 

"flux,  valve1'  is  used  in  some  missile  control 

systems.  Its  primary  purpose  is  to  keep  a 

directional  gyro  aligned  with  a  given  magnetic 
heading,  Th2  directional  gyro  can  then  be  used 
to  control  the  yaw  of  a  missile* 

A  bar  magnet  will  attempt  to  align  itself 
in  accordance  with  the  direction  of  the  oartYa 
magnetic  field.  When  the  bar  is  aligned  in  a 

north- south  direction,  It  may  be  used  as  a 

reference  to  determine  bearings  around  it. 
MISSILE  AIRFRAME*— The  airframe  of  the 

missile  must  be  used  for  certain  references. 
For  example,  the  movement  of  flight  control 
surfaces  cannot  be  referenced  to  the  vertical, 
or  to  a  given  heading,  because  such  references 
change  as  the  missile  axes  charge.  Therefore, 
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figure  5-13.— Pneumatic  timers:  A, 
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movpmrnt  of  flight  surfaces  are  referenced  to  the 

missile  airframe. 

Synchro  Indinatorg  can  be  used  to  indicate 
the  angular  position  of  control  surface  with 

respect  to  the  missile  airframe.  A  potentiom¬ 
eter  can  be  used  in  the  same  way  by  mounting 

it  on  the  missile  airframe  so  that  its  shaft 

will  be  driven  by  the  flight  control  surface 

movements. 

SENSOR  UNITS 

GENERAL 

The  sensor  unit  in  a  guided  missile  control 

system  is  a  device  used  to  detect  deviation, 
from  the  desired  attitude.  In  this  section,  we 
will  discuss  the  us e  of  gyroscopes,  altimeters, 

and  transducers  as  sensing  units*  Gyroscopes 

are  generally  considered  to  be  the  basic  sen¬ 
sor  unit  in  any  missile  control  system.  Other 

types  of  sensors,  such  as  altimeters  and  trans^ 

ducers,  are  classed  as  secondary  units. 

As  mentioned  above,  the  gyro  itself  is  a 
physical  reference  unit;  the  picked!  is  the  sensor, 

GYROS 

One  of  the  most  impo riant  components  Of 

the  missile  control  system  is  the  gyroscope,  or 
gyro,  A  gyroscope  contains  an  accurately 
balanced  rotor  that  spins  or  a  central  axis* 
Gyros  used  for  missile  control  applications 

are  divided  into  classes:  gyros  used  for  stabi¬ 
lizing  (control)  purposes  and  gyros  used  for 

both  guidance  and  stabilization.  If  turns  an¬ 
other  maneuvers  are  necessary,  a  third  gyro 

is  required  so  that  there  will  be  one  gyro  for 

each  sensing  axis. 

A  mini  mum  of  two  gyros  is  necessary  for 

missile  flight  stabilization.  Each  gyro  sets  up  a 

fixed  reference  tine  from  which  deviations  in 

missile  pitch,  roll,  and  yaw  ary  detected  and 

mea  su  r  ed . 

These  vertical  and  horizor.til  gyms  arefrm 
gyrosj  that  is,  each  is  mounted  in  two  or  more 
gimbal  rings  (fig;.  5-KA)  so  that  its  spin  axis  is 

free  to  maintain  a  fixed  orientation  ir.  space* 

in  addition  to  the  control  signals  from  the 

vertical  and  horizontal  gyros,  which  are  pro¬ 
portions!  to  the  deviation  ol  the  missile  front 

the  desired  attitude,  a  signal  that  is  proportional 
to  the  rate  of  deviation  is  required  for  accurate 
control  and  smooth  operation.  A  RATE  GYTRQ 
(fig.  5- 14B  )  furnishes  the  rale  of  deviation  signal* 


The  basic  difference  between  the  free  gyro 

and  the  rate  gyro  is  in  the  way  they  are 

n; aunt  ed *  T  i  gu  r  e  5  -  1 4E  sh  owe  a  si  mpli  fi  ed  vi  e w 

of  a  roll  rate  gyro*  Notice  that  the  rotor  is 
mounted  in  single  gimbals  rather  than  the  two 

acts  cf  gimbals  which  supported  the  free  gyro. 

This  arrangement  restricts  the  freedom  of  the 

gyro  rotor.  When  the  missile  rolls,  the  gyro 

mounting  turns  about  the  roll  axis  (arrow  A), 
carrying  the  gyro  rotor  with  it.  This  causes 
a  force  oi  precession  at  a  right  angle  to  the 
roll  axis,  which  causes  the  rotor  to  turn  about 
the  pitch  axis  (arrow  B)„ 

Restraining  springs  may  be  attached  to  the 

gimbals  as  shown.  Tike  force  on  the  springs 
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Figure  5- 14, —Gyroscopes  use-1  in  missiles; 
A.  Free  gyroscope;  B.  Rull  rate  gyroscope. 
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would  then  be  proportional  10  angular  a  or  el  ^  ra¬ 
tion  about  the  roll  axis. 

Three  rate  gyros  are  normally  installed  in 
a  missile  to-  measure  the  accelerations  about 

the  three  mutually  perpendicular  missile  axes. 
When  the  input  is  torque  and  the  output  Is  pre¬ 


cession,  the  gyro  is 


an  Integrating  gyro. 


The  restraining  force  is  viscous  damping  in¬ 
stead  of  a  spring  restraint*  It  may  bo  a  her¬ 
metically  sealed  integrating  gyro  (HIG),  Like  a 
rd'Q  gyro,  it  has  only  a  single  degree  of  freedom. 

Th^  restraining  for  ce  is  proportional  to  the  gyro 
precession  rate  instead  of  displacement. 


Baste  Properties  of  Gy  roe 

Gyroscopes  have  two  properties  which  make 
them  useful  in  serving  as  space  references  an 
guided  missiles: 

Li  The  gyro  rotor  tends  to  remain  in  a 
fixed  plane  in  space  if  no  force  is  applied  to  it  . 

2,  The  gyro  rotor  has  a  tendency  to  turn  at 
a  right  angle  to  the  direction  of  an  out  side 
force  applied  to  it, 

INERTIA.— “The  idea  of  maintaining  a.  fixed 
plant  in  space  is  easy  to  show.  When  any  object 
is  spinning  rapidly  it  tends  to  keep  its  axis 
pointed  in  the  same  direction,  A  toy  top  is  a  good 
example.  As  long  as  it  is  spinning  fast,  it  stays 
balanced  on  its  point.  It  resists  the  tendency  of 
gravity  to  change  the  direction  of  its  spin  axis. 

The  resistance  of  the  gyro  against  any  force 
which  t-enfis  to  displai'E-  the  rotor  from  its  piano 
of  rotation  is  called  rigidity  In  space.  It  may 
also  be  called  gyroscopic  Inertia* 

PRECESSION,— The  second  properly  of  the 

gyro  is  Thai  i Is  spin  axis  lias  a  tendency  to  turn 
at  a  right  angle  to  the  direction  of  a  force  applied 

+0  it  (fig.  5-1 5A).  This  characteristic  of  a  gyro 
is  the  cause  o /  precession.  There  are  two  types 

of  gyro  precession:  REAL  and  APPARENT. 

Real  precession  is  sometimes  called  INDUCED 

PRECESSION. 

DIRECTION  OF  GYROSCOPIC  PHECES- 
SION.— When  a  downward  force  is  applied,  at 
point  A,  the  force  is  transferred  through  pivot 
D  (fig.  5-15A),  This  force  travels  flO*  and 

causes  downward  movement  at  C ,  This  move¬ 
ment  at  a  right  angle  to  the  direction  of  the 

applied  force  is  called  PRECESSION".  The  force 
associated  with  this  movement  [also  at  right 
angles  to  the  direction  of  the  applied  force)  is 
called  the  FORCE  OF  PRECESSION. 

Figure  5-1513  illustrates  the  direction  of 
procession  caused  by  the  application  of  a  force 
tending  to  turn  the  rotor  o\ A  of  its  plane  of 
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Figure  5- 15.  —  Gyroscopic  precession:  A.  Ap¬ 
plication  of  force:  ft.  Direction  of  precession. 

rotation.  In  the  figure,  a  weight  is  attached  to 
the  spin  axis.  This  is  in  effect  the  same  as 
applying  a  force  at  point  X,  The  resulting  torque 
tends  to  turn  the  rotor  around  axis  CD.  But  due 

to  the  property  of  precession,  the  applied  force 
will  be  transferred  90c  In  the  direction  of  rotor 
spin,  causing  the  rotor  to  process  around  axis 

AG.  Thus,  it  maybe  seen  that  precession  tends 
la  rotate  rhe  spin  axis  toward  :he  torque  axis, 
This  type  of  precession  is  called  REAL  pre¬ 
cession. 

A  force  applied  to  a  gyro  at  its  center  of 
gravity  does  not  tend  to  tilt  the  a  pin  :uvis  from 
its  established  position,  and  therefore  does  not 
e au  s e  pre  c  ess  ion .  A  sp  iimi ng  gyro  ca n be  moved 
in  any  direction  without  precession,  if  its  axis 
can  remain  parallel  to  its  original  position  in 

space.  Therefore,  the  gyro  can  measure  Only 
those  movements  of  the  missile  that  tend  to  tilt 
or  turn  the  gyro  axis, 
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apparent  PRECESSION',— A  spinning  gyro  rotor  speeds.  Rotor  and  glmbal  bearing  friction 
on  the  earth's  surface  will  appear  to  tilt  (or  pro  is  actually  the  main  cause  of  gyro  drift.  The 

with  the  passage  of  time.  Actually,,  the  problem  of  improved  gyro  stability  has  been 
spin  axis  does  nOT  tilt  with  relation  to  space;  approached  with  a  view  toward  reducing  this 
the  apparent  precession  is  due  to  the  earth's  friction. 


rotation.  Figure  5 


shows  the  gyro  at  the 


The  main  cause  of  random  drift  in  sty r os  is 


equator  with  its  spin  axis  horizontal  at  time  friction  in  the  girhbal  bearings*  Energy  ia  lost 

0000.  The  earth  is  rotating  in  the  direction  of  whenever  a  gimbal  rotates.  The  larger  the  mass 

the  arrow  and  is  making  one  revolution  in  24  of  the  gimbal,  the  greater  the  drift  from  this 

hours.  An  observer  in  space  would  see  that  the  source, 

spin  axis  always  points  to  the  same  position  in 
apace  while  the  earth  rotates.  But  to  an  Ob-  Erection  Systems 
server  on  earth,  the  spin  axis  appears  to  tilt 
4S*  every  3  hours.  This  is  called  APPARENT 

PR  EC  ESSION, 

In  some  missiles,  apparent  gyro  precession,  proper  reference  frames.  Thci'i?  median  is  ms 
sometimes  called  apparent  gyro  rotation,  ad-  are  a  vertical  gyro  erection  system,  and  h Dri¬ 
ver  sely  affects  flights  of  long  duration,  unless  zontal  gyro  slaving  systems. 

VERTICAL  GYHO  ERECT10N.-A  vertical 


missiles  are  provided  with  compen¬ 
sating  mechanisms  to  keep  the  gyro®  in  their 


ffy  r  o 


some  kind  of  compensation  is  used  to  keep  the 

gyro  in  a  fixed  relation  to  the  earth's  surface. 

The  compensating  mechanisms  are  gyro  erection  sensor,  Che 
and  slaving  circuit®. 

UNWANTED  GYRO  PRECESSION  (DRIFT). 


system  consists  of  a  precession 
t  . —  «yro ,  an  amplifier,  and  a  torque 
This  system  rap  resent  a  one  of  the  many 
secondary  servoloops  within  a  guided  missile. 


Once  the  gyros  are  spinning  In  their  proper  The  precession  sensor  delects  the  deviation  of 

planes,  they  theoretically  should  remain  in  their  the  gyro  rotor  from  its  proper  plane  of  rotation* 

same  relationships  with  space,  Urtbrtuaately  The  resultant  electrical  signal  is  amplified  and 

there  are  certain  imperfect  ions  in  the  gyro-  then,  used  to  drive  a  torque  motor  which  pre- 

scopes  which  result  in  a  drift  away  from  the  cesses  the  gyro  back  to  its  proper  plane. 

The  precession  sensor  may  consist  of  one 
even  the  slightest  imperfection  in  the  gyro  rotor  of  Ihe  piekoffs  described  in  this  chapter.  The 

will  cause  some  unwanted  precession,  at  high  varying  output  of  the  pickoff  will  be  determined 


original  planes  of  rotation.  For  example, 


EOUA TOR 


by  the  movement  of  a  pendulous  weight 

in  the  gyro  housing,  The  movement  of  the  weight 

in  seeking  the  local  vertical  results  in  oorre- 
spohd tug  signals  whi  p,  would  cause  the Cyro  i*> 
tor  to  retain  its  proper  plane  of  rotation. 
HORIZONTAL  G Y ft Q  SLAVING  SYSTEMS. 

In  some  missiles,  horizontal  gyro  slaving  sys¬ 
tems  are  used  to  keep  the  horizontal  gyro  rotor 
aligned  with  a  specific  magnetic  heading  fora 
portion,  Or  for  the  duration  of  a  missile  flight. 
This  may  be  accomplished  by  the  use  of  a  flux 
valve— a  unit  that  senses  the  earth's  magnetic 
it  eld.  The  flux  valve  consist®  of  an  exciting  coil 
and  three  pickoff  coils  wound  on  a  metal  rore. 
The  application  of  flux  valves  in  guidance  sys¬ 
tems  is  discussed  in  the  next  chapter. 


Improvements  in  Gyros 


Figure  5-11  shows  two  types  at  improved 


gyros. 


Figure  5- 16.— Apparent 


FLOATED  GYRO  UNIT,— A  floated  gyro  unit 

27.132  (fig  i  5-1  TAJ  is  an  example  of  the  prof  rcss  that 

precession,  has  been  made  in  the  development  of  more 


lie 
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accurate  gyros.  In  this  gyro,  the  gyro  housing  is 
floated  in  a  via  tons  damping  fluid.  Because  of 
ibe  floating  action,  gimbal  bearing  friction  is 

greatly  reduced.  Thermostatically  controlled 
heaters  may  be  included  In  the  unit  to  maintain 
the  damping  fluid  at  proper  viscosity.  Another 
type  of  gyro  uses  a  non  viscous  fluid.  It  is  known 
as  a  position- integrating  gyro,  it  is  used  ex¬ 
tensively  to  control  stable  platforms, 

AIK  BEARING  GYROS An  air  bearing  gyro 
is  a  no  the  r  exampl  e  of  a  Sri  ct  ion  re  cue  ins  de  vi  c  e . 

The  gitnbal  bearing  shown  in  figure  5-17B  is 
mounted  in  such  a  way  that  a  cushion  of  com¬ 
pressed  air  continuously  flows  around  the  bear¬ 
ing  surfaces.  Bearings  using  compressed  air  as 
a  lubricant  are  precision- machined  so  that  the 

clearance  at  the  bearing  surface  is  only  about  mann 

.002  inch.  When  the  air  is  flowing  around 

bearing  surface  friction  is  practically  ne 

gible*  Although  not  shown  in  figure  5-1 

compressed  air  may  also  be  ported  to  the  : 


While  gyros  have  numerous  applications  in 

many  types  of  equipment,  machinery,  etc,,  we 

will  consider  oniv  their  use  in  missiles. 

DREE  GYROS  IN  GUIDED  MISSILES.- To 

illustrate  how  free  gyros  are  used  in  detecting 

missile  attitude,  let  us  first  refer  to  figure  5- 18. 

Suppose  that  the  design  attitude  of  the  missile  is 
horizontal,  as  shown  In  figure  5- ISA.  The  gyro 
within  the  missile  has  its  spin  axis  in  the  ver¬ 
tical  plane,  and  is  mounted  in  gimbals  in  such  a 

er  that  a  deviation  in  the  horizontal  attitude 
Of  the  missile  would  not  physically  affect  the 
gyre,  In.  other  words,  the  missile  body  Can  roll 
around  the  gyro  and  the  gyro  will  still  maintain 
its  same  position  in  space  Tig.  5-lftBj,  Note 
that  the  missile  has  rolled  approximately  30°, 
but  the  gyro  has  remained  stable  in  space.  If 
we  could  measure  the  angle  between  the  rotor 
and  a  point  on  the  missile  body  wo  would  know 
exactly  how  far  the  missile  deviated  from  the 
horizontal  attitude,  Having  determined  this, 

the  control  surf  aces)  could  then  be  positioned 

to  return  the?  missile  to  the  horizontal. 

Actually,  a  minimum  of  two  free  gyros  is 
required  to  keep  track  of  pitch,  roll,  and  yaw. 

The  vertical  gyro  just  described  can  also  be  used 
to  detect  missile  pitch  as  shown  in  figure  5- 
1SC*  To  detect  yaw,  a  second  gyro  ts  used  with 

its  spin  axis  in  the  horizontal  plane  and  its 

rotor  in  the  vertical  plane.  Yaw  will  then  be 

detected  as  shown  in  figure  5~18DL 

RATE  GYROS,— The  free  gyrOS  just  de¬ 
scribed  provide  a  means  of  measuring  the 

AMOUNT  of  roll,  pitch,  and  yaw.  The  free 
gyros  therefore  can  be  used  to  develop  signals, 

which  are  proportional  to  the  amount  of  roll, 
pitch,  and  yaw*  Due  to  the  momentuinol  a  mis¬ 
sile  in  responding  to  free  gyro  signals,  large 
over  correct  ton  a  would  result  unless  there  were 
same  means  of  determining  how  fast  the  angular 
movement  is  occurring*  Ear  example,  suppose 
that  a  correction  signal  is  generated  which  is 
proportional  to  an  error  of  I0C  tg  the  left  of  the 
proper  heading*  The  control  surfaces  are  auto¬ 
matically  positioned  to  bring  the  missile  to  the 
right .  The  missile  responds  by  coming  right. 
But  because  Of  its  momentum  it  will  pass  the 
correct  heading'  and  introduce  an  error  to  the 
nerht.  To  orovtde  correction  signals  that  take 
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Figure  5-17.— Friction -reducing  gyro  units: 

,  Floated  gyro  unit;  B,  Air  breathing  gyro, 
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momentum  of  the  ml  ss  Lie  into  a£c  tint *r ate  gyros 
fire  used*  These  gyros  continuously  determine 
angular  accelerations  about  the  missile  axes- By 
combining  tree  gyro  signals  with  rate  signals 
from  the  rate  gyros,  the  tendency  toovercorreet 
is  minimized  and  a  better  degree  of  stability  ts 
obtained.  The  rate  gyro  actually  provides  a 
refinement  or  damping  effect  to  the  correcting 
process*  Without  rate  gyros,  a  missile  would 


ov ercor  reel  constantly. 

A  rate  gyro  {fig*  5-14B  jsuppltcs  the  rate-of- 
deviatlon  signal*  The  rate  gyro  is  free  to  rotate 
about  only  one  axis,  A  yaw  rate  gyro  is  mounted 
with  its  spin  axis  parallel  to  the  missile  line  of 
flight,  A  roll  rate  gyro  is  mounted  so  that  its 

spin  axis  is  parallel  to  the  pitch  axis*  at  right 

angles  to  the  line  of  flight.  A  pitch  rate  gyro  is 
mounted  with  fis  spin,  axis  parallel  to  (lie  yaw 
axis  of  the  missile  and  at  riphi  angles  to  the  line 
of  flight* 


33*6*7-* 

Figure  5- 18*— Free  gyro  behavior  in  missiles: 
A*  Missile  horizontal— gyro  stable  tn  space; 

B.  Missile  rolls— gyro  remains  stable;  CH  Mis¬ 
sile  pitches—  gyro  remains  stable;  D.  Missile 
yaws— gyro  remains  stable. 


Pirkof:  Systems 


A  frpickoffJS  is  a  device  that  receives  energy 
from  the  sensors  arid  transmits  this  energy, 
either  in  the  same  form  or  in  another  form,  to  a 
point  where  it  is  put  to  practical  use*  Most  of  the 
pickoffs  used  in  guided  missiles  arr-  electrical 


devices,  In  addition  to  transmitting  energy 
from  i he  sensors,  they  arc  also  used  to  measure 
outputs  of  physical  references,  such  as  gyros-  In 
this  second  respect,  the  pkkofts  themselves  act 
as  sensors.  The  gyro  rotor  in  itself  cannot  de¬ 
termine  missile  attitude  information*  Pickofis 

must  be  used  in  conjunction  with  free  and  rate 

gyros  to  determine  missile  attitude  Information* 

The  gyros  indicate  the  linear  and  angular  dis¬ 
placement;  the  pickoft  must  be  able  to  measure 
ihe  amplitude  and  direction  of  the  displacement 
and  produce  a  signal  that  represents  both 


altimeters 


To  ensure  that  missiles  stay  within  pre- 
scribed  height  limits  or  perform  functions  at 
specified  altitudes,  devices  called  altimeters 
may  be  used*  Two  basic  types  of  altimeters 

s.re  pressure  altimeters  and  absolute  altimeters 
(radar  altimeters,!. 

Pressure  Altimeters 

Pressure  altimeters  ire  simply  mechanical 
aneroid  barometers.  The  aneroid  barometer 
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A 


consists  of  a  small*  be!  lows -like  airtight  since  both  cells  change  with  temperature  while 
chamber  from  which  most  of  the  air  baa  been  only  one  Changes  with  pressure 
removed.  Atmospheric  pressure  (which  varies  An  altimeter  cell  measures  altitudes  as  high 

with  altitude)  works  to  collapse  the  chamber  as  500,1X10  feet.  This  wide  range  gives  the  cell 

against  spring  pressure.  As  altitude  increases,  an  advantage  over  a  mechanical  aneroid. 


the  compression  effect  decreases.  The  slight 
motion  ot  the  spring  is  magnified  through  link- 

ages  or  detected  l>y  pickoffe.  The  resulting 
signals  may  be  used  to  process  the  pitch  gyro,, 
or  they  may  be  converted  directly  into  control 


Absolute  (Radar !  Altimeters 


Radar  altimeters  are  used  to  measure 


surface  movement  via  the  missile  computer  net-  solute  altitude— the  distance  between  the  missile 

work,  Unfortunately*  variations  tn  pres  sure  with  and  the  terrain  beneath  it  rather  than  above  sea 
altitude  are  not  always  exactly  constant*  thereby  level.  It  measures  the  time  required  for  a  radar 
requiring  the  use  of  a  standard  rate  Of  Change  Of  pulse  to  reach  the  ground,  be  reflected,  and 

pressure  with  altitude,  This  rate  is  referred  to  return,  Since  the  operation  does  not  depend  on 
as  the  "standard  pressure  lapse  rate1.”  For  any  atmospheric  data,  the  radar  altimeter  Is  free 
change  of  pressure,  the  altimeter  is  calibrated  from  some  of  the  disadvantages  of  the  baro- 
so  that  its  output  is  proportional  to  the  change  metric  types.  One  type  of  radar  altimeter  is 
of  altitude  in  accordance  with  the  standard  the  continuous- wave  (c-w)  frequency- modulated 
pressure  Lapse  rate,  (f-m)  altimeter* 

In  the  c-w  ay  stem,  the  transmitted  micro- 
wave  signal  is  varied  regularly  In  frequency  in 
accordance  with  a  sawtooth  modulating  voltage* 
An  altimeter  cell  also  detects  changes  in  The  signal  Ls  directed  toward  the  ground!  where  a 
altitude  and  converts  this  information  into  an  portion  of  it  is  reflected  back  to  the  receiving 
electrical  signal.  The  unit  consists  of  a  fila¬ 
ment  of  fine  platinum  wire,,  heated  by  an  elec¬ 
tric  current  and  enclosed  in  a  vented  envelope*  of  the  transmitter.  An  Interval  of  time  passes 
The  vent  is  always  connected  to  a  static  pres-  between  the  moment  the  signal  is  transmitted 
sure  line,  When  the  altitude  or  static  pressure  and  its  arrival  by  reflection  at  the  receiver* 


Alrtmetcr  Cpl] 


The  echo  wave  is  compared  In  the 
receiver  with  the  Instantaneous  output  frequency 


changes,  the  rate  at 


the 


can 


This  time  interval  is  directly  proportional  to 


release  its  heat  changes*  and  the  temperature  the  altitude  of  the  missile.  During  this  same 
and  resistance  of  the  filament  also  change.  This  time  interval*  the  transmitted  frequency  has 

characteristic  is  utilized  by  connecting  the  been  intentionally  varied.  By  comparing  the 

filament  as  an  arm  in  a  Wheatston e  bridge.  new  transmitted  frequency  with  the  echo  fre- 

Usually  two  cells  are  placed  in  the  bridge  as  quency,  a  difference  frequency  or  time  lag  is  ob- 

Bhown  in  figurt  5-19,  One  cellis  vented  and  one  tained  which  is  proportional  to  the  elapsed  time 
sealed  in  order  to  compensate  f0r  surrounding  interval  and  to  the  altitude  of  the  missile, 
temperature  changes.  The  signal  output  of  the 

bridge  is  proportional  only  to  pressure  changes  AIRSPEED  TRANSDUCERS 
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Figure  5-19.— Altimeter  cell. 


Speed  measuring  devices  are  used  in  some 
missiles  to  cause  specified  functions  to  occur 
during  flight.  One  Of  these  devices  Shown  in 

figure  5-20  is  called  an  airspeed  transducer. 
Its  principle  of  operation  is  similar  to  that  of 
the  aneroid  barometer  just  discussed*  A  trans¬ 
ducer  is  a  device  which  is  operated  by  power 
from  one  source  and  supplies  power  to  another 

device  in  the  same  or  a  different  form.  In  most 
missile  applications,  a  transducer  is  used  to 
change  mechanical  motion  to  an  electrical  volt¬ 
age.  The  ram  air  pressure  experienced  by  the 
missile  in  the  atmosphere  is  transmitted  to  the 
bellows  and  converted  to  an  electrical  signal 


Chapter  5 -MISSILE  CONTROL  COMPONENTS  AMD  SYSTEMS 


B  ELLQh'i 


I N  ~u: 


r 


1 


Z 


'Jd2_ L/ 


* 


signal  oyr 


Figure  b-  20,—  Airspeed  transducer. 
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through  a  bridge  cype  electrical  circuit  if  if- .  5- 
20'  the  out  pul  signal  will  vary  with  the  ram  air 
pressure,  which  Is  proportional  to  missile  speed  . 
Other  types  of  electrical  pickoff  a  also  may  be 
used  to  convert  bellows  movement  into  electrical 
information* 

Another  type  of  speed  measuring  device  de¬ 
pends  on  the  transmission  and  recension  oi  r-f 


energy,  and  is  similar  in  principle  co  the  radar 
altimeter.  A  slight  shift  in  frequency  of  the 
transmit  ted  energy  provides  a  basis  {Doppler 
effect.;  for  electronically  determining  missile 
speed.  The  use  of  Doppler  radar  will  be  dis¬ 
cussed  :u  some  detail  in  a  later  chapter  of  this 


cour  s e . 


PICKQFFS 


Pickoff  5,  briefly  described  in  connection 
with  gyros,  are  Important  in  the  missile  control 

system  because  they  produce  signals  from  the 

Intelligence  developed  by  a  sensor  unit.  The 

signal  must  be  one  that  is  suitable  to  ruse  ir.  the 

control  system.  The  pickoff  must  be  able  to 
determine  the  direction  of  displacement  and  then 
produce  a  signal  that  indicates  the  direction.  In 
electrical  systems  the  indication  may  be  a  phase, 

polarity,  or  voltage  difference. 


The  ideal  pickoff  should  have  a  consider 
able  change  in  output  for  a  small  movement  of 
the  pickoff, 


It  should  algo  have  minimum 
torque  or  friction  loss  since  these  losses 
would  bo  reflected  to  the  sensor  element  and 
affect  its  operation*  Small  physical  dimen¬ 
sions  and  light  weight  are  additional  require¬ 
ments.  The  null  point  (no  output)  should  be 

sharply  defined. 

Electrical  ptekoffs  arc  extremely  sensitive- 

arid  reflect  little  torque  back  to  the  sensor  or 

reference  unit.  It  ig  primarily  these  qualities 


which  make  them  useful  in  guided  missiles. 
The  most  common  types  of  electrical  pickoff  s 

are: 

1*  Reluctance  pickoffs 

2.  Potentiometer  pickoffs 

3,  Synchro  pickoffs 

4*  Capacitance  pickoff  $ 

VARIABLE  RELUCTANCE  PICKQFFS 


Figure  5- 21 


an  internally  operated 


variable  reluctance  pickoff  which  may  be  used 

with  a  rate  ^yro*  The  pickoff  consists  of  an 
E-  shaped  metal  block  with  coils  wound  around 

its  ends  and  a  permanent  magnet  located  In  tho 


gyro  ro- n>r 


OLTTRUT 


Figure  5 -21  .Internally  operated 

reluctance  pickoff* 
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When  the  rotor  is  in  the  position  shown  in 

figure  S-22A,  the  dux  lines  from  the  excitation 

windings  cutting  the  secondary  are  equal  and 
1 80*  nut  of  phase.  In  this  condition,  no  volt¬ 
age  is  induced  in  the  secondary  windings* 
When  the  gyro  prec esses  because  of  angular 

acceleration,  the  rotor  turns  because  it  is 

directly  coupled  to  the  gyro  guribal,  In  figure 
5*. 22b,  one  end  of  the  rotor  ss  shown  displaced 
to  tiio  left,  This  displacement  of  the  rotor  de¬ 
creases  the  reluctance  to  the  magnetic  flux  in  the 
left  leg  and  increases  the  reluctance  in  the  right 
leg.  This  results  in  more-  flux  lines  from  the 
left  primary  cutting  the  secondary  winding.  Thus 
an  a-c  output  is  induced  in  the  secondary  winding. 
This  voltage  is  1&QC  out  of  phase  with  the  a-c 

excitation  voltage*  The  output  voltage  is  pro¬ 
portional  to  the  displacement  of  the  rotor.  Dis¬ 
placement  of  the  rotor  to  the  right  will  have  an 
o ppo  s  It  e  effe et  and  a  n  in-  phas  e  output  voltag  e  will 
result* 

This  pickoff  has  many  applications  in  guided 
missiles  in  addition  to  serving  as  a  rate  gyro 
The  externally  operated  reluctance  pickoff  pickoff, 
most  commonly  used  in  guided  missiles  is  usu¬ 
ally  referred  to  as  a  differential  transformer,  POTENTIOMETER  PICKOF'FS 
This  pickoff,  Shown  in  figure  5-22  Consist  s  of  a 

laminated  steel  rotor  attached  by  a  shaft  to  the  A  potentiometer  is  a  device  for  translating 
rate  gyro  gimbal.  Two  E-shaped  laminated  a  quantitative  motion  (angular  or  linear)  Into 

steel  cores  arc  attached  to  the  gyro  mounting,  a  proportional  electrical  resistance.  It  meas- 
A round  the  outer  legs  of  each  of  the  cores  is  ores  by  comparing  the  difference  between  the 

a  primary  winding  connected  in  series  op-  known  and  the  unknown  electrical  potentials, 
position.  There  Is  a  secondary  winding  (pick-  Figure  5-23  shows  the  principle  of  the  pot entlom- 
off  cnil)  around  the  center  leg  of  each  core.  eter  pickoff  .  The  circuit  shown  in  the  figure  is 


Center*  The  gyro  rotor  is  made  of  ferrous 
metal  and  has  brass  strips  spaced  around  its 
periphery.  The  permanent  magnet  causes  a 
magnetic  flux  to  nc  established.  The  spinning 

rotor  causes  regular  variations  in  flux  density* 
As  a  result,  an  a-c  voltage  component  is  induced 

in  the  two  coils.  When  there  is  no  precession  the 
air  gaps  are  equal  and  the  a-c  components  can¬ 
cel  one  another.  When  the  gyro  preces&es  be¬ 
cause  of  an  angular  acceleration,  the  air  lip  is 
increased  at  one  end  md  decreased  at  the  Other, 
This  change  in  theairg&ps  causes  different  volt¬ 
ages  to  be  induced  in  the  two  coils.  The  dif¬ 
ference  between  the  two  voltages  is  proportional 
to  the  angular  acceleration.  After  being  rectified 
and  filtered,  the  resultant  d-c  voltage  is  the  rate 
signal*  The  output  sense  (direction  of  deviation- 
is  Indicated  by  positive  or  negative  polarity* 


EXTERNALLY  OPERATED 
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Figure  5-22.— Externally  operated  reluctance  pickoff: 

A 4  Balanced  condition— no  output;  B*  Rotor  displaced  to  left,  causing  output. 
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Figure  £-23* 


of  .1 


potentiometer  pickoff. 


referred  to  as  a  bridge  circuit,  When  the  viper 
arm  is  at  C ,  there  will  be  no  output  ?eQ?;T  .! 

since  the  input  (E^pp^jE^)  is  placed  across 

equal  resistors,  Now,  if  the  wiper  arm  is  moved 
to  Cl  the  output  will  be  prop  rtiunal  :o  the  out¬ 
placement  of  the  arm  due  to  an  imbalance  in 
resistance  In  the  line  All. 

Potentiometer  pickoff  s  consisl  if  wire-  wound 
resist  ora  and  movable  sliding  contacts  fig, 
5-24A).  The  resistance  wire  is  wound  on  a  strip 

which  is  bent  in  the  shape  of  a  cylinder. 

The  wire  and  strip  together  arc  referred  to  as 

the  resistance  card.  The  wiper  arm  can  be 

positioned  at  any  point  around  the  circum¬ 
ference  of  the  earth 

The  position  of  the  moving  arm  determines 

the  amount  of  voltage,  but  st  1$  also  possible  to 

use  the  variation  in  resistance  as  the  control 

medium,  If  the  shaft  of  the  potentiometer  is 
mechanically  connected  to  the  sensor ,  the  output 

voltage  wall  vary  according  to  the  moving  arm 

displacement.  With  the  wire- wound  method  of 
construction  however  the  output  of  the  poten¬ 
tiometer  hoes  not  change  smoothly  as  the  wiper 
arm  is  moved.  Instead.  th<  output  voltage 

Changes  In  jumps,  each  jump  being  proportional 
to  tile  distance  between  adjacent  turns  of  wire 

and  the  voltage  drop  across  each  turn,  A  poten¬ 
tiometer  having  1  ,C00  turns  of  wire  is  said  to 

have  a  resolution  of  1  part  in  1.000  or  a  resolu¬ 
tion  of  .1  percent,  To  improve  resolution,  the 
resistance  wire  is  sometimes  wound  in  a  helix 

as  shown  in  figure  5-24B. 

A  potentiometer  wound  in  this  manner  is 

known  as  a  talipot*  The  wiper  arm  shown  ir, 
the  figure  would  make  ten  turns  around  the 

circumference  of  the  card  to  cover  the  entire 

voltage  range*  The  advantage  is  in  the  fact 
that  the  wiper  arm  maintains  continuous  contact 


c 

33.75-*77 

Figure  5-24.— Potentiometers:  a*  Wire  wound 

pot cntiimetori  B,  Helipot;  C,  Potentiometer 
pickoff  used  with  a  free  gyro. 

with  the  resistance  wore,  thus  eliminating  the 

jumpy  output  inherent  in  the  conventional  po¬ 
tentiometer,  Figure  5-24C  show's  a  potentiom¬ 
eter  pickoff  used  with  a  tree  gyro. 
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SYNC  UR  O  PICKOFF  AND  two  outs  id  e  plates  is  equal  when  there  is  no  out- 

CONTROL  TRANSFORMERS  put  irotn  the  sensor.  If,  however,  a  signal  from 

the  sensor  causes  the  center  plate  to  move 
The  term  synchro  is  applied  to  a  group  of  toward  the  TxJttom  plate,  the  capacitance  bet  ween 

devices  used  for  transmitting  either  angular  these  two  plates  will  increase  and  the  capacitance 
data  or  torques  of  [airly  small  magnitude  with-  between  the  tup  plate  and  the  center  plate 
out  the  use  of  a  mechanical  linkage.  The  sim-  will  decrease* 

plest  synchro  system  contains  a  transmitter  This  change  in  capacitance  can  he  used  to  vary 

which  is  electrically  connected  to  a  receiver*  the  timing  of  an  oscillator.  The  change  in  osctl- 

Thu  transmitter  is  a  transformer  with  a  rotata-  later  frequency  is  then  used  for  sense  control, 
ble  primary  that  converts  a  mechanical  input  This  type  of  pickoff  is  the-  most  sensitive  of 

into  an  electrical  signal,  and  transmits  the  sip-  alt.  since  a  very  slight  change  in  plate  spacing 

nal  to  she  receiver.  The  synchro  receiver  will  cause  a  large  change  in  frequency, 

receives  the  signal  and  converts  it  into  a  me-  The  electrical  pic.koffs  just  described  are 
chard  cal  output.  If  the  rotor  of  the  synchro  common  to  many  guided  missiles*  Other  types 

transmitter  is  coupled  to  a  s-etvsor  or  reference,  and  variations  of  those  described  will  be  cov- 

the  movement  of  the  reference  will  cause  a  ered  in  later  chapters  with  the  equipments  with 
oor responding  movement  of  the  transmitter  ro-  which  they  are  associated, 

tor,  Due  to  the  electrical  connection  of  the  re¬ 

ceiver,  its  rotor  will  move  in  exact  correspond-  PfCKOFFS  AND  FREE  AND  RATE 

ence  to  the  motions  of  the  transmitter  rotor*  GYRO  SIGNALS 
Unlike  the  combination  described  above,  the 

synchro  control  transformer  is  used  to  produce  Not  that  you  have  a  baste  understanding  of 
a  voltage  proportional  to  the  movement  of  the  some  of  the  pickoffs  used  in  guided  missiles, 
synchro  transmitter  rotor,  rather  than  an  an-  let  us  see  how  signals  from  the  free  gyros  and 
gular  movement..  Such  a  voltage  may  be  am-  signals  Irom  the  rate  gyros  are  combined  to 
plified  and  then  used  to  power  other  units  within  form  resultant  signals, 

a  control  system*  When  el  missile  experiences  an  Unwanted 

Synchro  pickoff  a  are  sometimes  called  sel-  angular  acceleration,  the  rate  signal  is  combined 

Syns,  auto&yn&r  or  microsyns,  with  tile  free  gyro  signal  in  such  a  way  as 

The  fundamental  types  of  synchro  units  and  to  return  the  missile  smoothly  to  its  desired 

their  principles  of  operation  are  discussed  in  attitude.  For  example,  assume  that  the  pre- 

Basm  Electricity,  NavPers  10Q8G-A*  scribed  attitude  of  a  missile  is  horizontal,  and 

that  an  outside  lores  causes  the  missile  to-  roll 
in  a  clockwise  direction,  Figure  5-2PA  shows 

the  roll  rate  gyro  signal  and  the  roll  free  gyro 

signal  during  a  period  of  40c  clockwise  roll  and 
As  shown  in  figure  5-25  capacitance  pickoff  return  to  proper  attitude*  At  time  TQ there  is  no 

is  composed  of  two  outer  places  that  a  re  fixed  in  output  from;  either  the  rate  gyro  or  the  free 

position.  A  movable  plate  is  centered  between  gyro,  because  the  missile  is  not  rolling  and  is 

the  two  fixed  plates  and  connected  to  the  sensor,  in  the  proper  attitude.  As  the  missile  begins 

The  capacitance  between  the  center  plat  sand  the  to  roll,  the  roll  rate  signal  increases  until  the 

missile  roll  rate  becomes  steady,  at  which  lime 

IT , )  the  rate  signal  reaches  a  constant  level* 

Note  that  the  roll  rate  signal  always  opposes 
roll  movement  of  the  missile.  The  free  gyro 

_ c  signal  continues  to  increase  as  long  as  the 

missile  is  rolling  from  Us  proper  attitude* 

_ At  time  Tjj,  the  control  surfaces  begin  to  slow 

the  missile's  roll  and  the  rate  signal  begins 

to  drop  off.  The  missile  is  still  rolling 

but  at  a  Slower  rateT  between  Tg  and 
The  roll  free  gyro  signal  continues  to  in- 
33.78  crease  until  a  maximum  roll  of  4 G*  is  reached 
re  5-25*^CapaCitante  pickoff,  at  IV  at  which  time  the  rale  signal  is  Eero* 


CAPACITANCE  PICKOFF 
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The  missile  now  begins  to  roll  back  to  the  de¬ 


sired  attitude-  Between  timcc;  T 


3 


the  roll  free  gyro  signal  decreases, 
the  rEite  signal  increases  iai  the  opposite  di¬ 
rection.  At  time  T^„  the  signals  cancel  each 
other  and  have  caused  the  control  surfaces  *0 

return  to  neutral.  After  T4,  the  rate  signal 

Is  greater  than  the  roll  free  signal  and  causes 

the  control  surfaces  to  bo  actuated  in  opposition 

to  the  direct  Lon  Of  missile  movement.  This 
action  continue  a  until  the  missile  is  stabilized 

at  the  prescribed  attitude. 

By  opposing  the  free  gyro  signal  during 
the  roll  back  to  the  horizontal  attitude,  the 
rate  signal  can  be  said  to  be  anticipating  the 


:  w 


missile  attitude:  A,  Roll  free  gyro  and  roll 

rate  gyro  signals;  R.  Resultant  signal  and 

control  surface  movement. 


r r ■  u r r.  r o  co r r ec t  a tt i ti id e,  It  is  this  oppo sing 
or  damping  feature  which  prevents  the  over- 
correcting  effects  which  would  occur  if  only  a 

free  gyro  were  used. 

The  free  and  rate  signals  are  continuously 
led  by  their  plckeffs  to  a  summing  circuit  in 

tiie  missile  computer  network.  Here  they  are 

combined  to  form  the  resultant  shown  in  figure 
5-2EB. 


The  dotted  line  in  figure  5-26B  represents 
control  surface  movement  during  the  entire 
period  of  roll* 


Although  the  actions  described  above  apply 
to  missile  roll  caused  by  an  outside  force,  the 
same  actions  arc  applicable  to  pitch  and  yaw 
caused  by  outside  forces. 

The  block  diagram  of  the  missile  control 
system  in  figure  s-2"?  includes  the  gyros  and 
pickoffs  covered  in  this  chapter. 


C 0 UP U TING  D  E V IC  E 5 


GENERAL 


Computers  appear  in  missile  systems  in  a 
variety  of  forms.  The  computer  may  be  a  sim¬ 
ple  mixing  circuit  in  a  missile,  or  it  may  be 

a  large  console  type  unit  suitable  for  use  at 

ground  installations  or  On  shipboard. 

vV'e  have  shown  that  sensor  units  detect 


errors  in  pitch,  roll,  and  yaw,  and  that  a  ref¬ 
erence  unit  furnishes  a  signal  for  comparison 
with  the  sensor  output, 

Although  the  sensor  output  represents  an 
error  to  be  corrected,  st  is  seldom  used  to 

operate  control  surfaces  directly.  It  must 

be  changed  to  include  additional  Information, 

and  then  amplified  in  order  to  operate  the  con¬ 
trols.  These  operations  are  represented  by 
the  block  labeled  '  computer"  (fig.  5-1).  The 

computer  section  is  normally  composed  of 
mixers t  integrators,  and  rate  components. 

The  large  volume  of  information  to  be  proc¬ 
essed,  and  the  brief  time  available  to  handle  it, 

make  the  us-e  of  high-speed  data  processing 
equipment  <  s  sent  iai  in  modern  weapon  st  stems. 
Bata  processi Jig  equipment  is  a  ^roup  of  de¬ 
vices.  each 


of  performing  a  mathe¬ 
matical  operation  on  data  furnished  to  it,  and 

producing  results  In  usable  form.  The  term 
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Figure  5-27, — Missile  control  system  showing  gyros  and  plckoffs. 


“mathematical  operation' ’  includes  not  only 

such  obvious  processes  as  multiplication  and 
addition,  but  includes  analytic,  arithmetic,  and 
logic  operations.  It  excludes  such  processes 

as  judgment,  induction,  conjecture,  and 

generalization— a  computer  cannot  think. 

The  term  ' 'computer”  refers  to  ihe  data 
processing  device  that  is  capable  of  differ¬ 
entiating  between  data  received.  Other  parts 
of  the  data  processing  equipment  may  translate 
data  from  one  form  to  another,  store  data*  or 

produce  data  from  stored  information  on  de¬ 
mand  , 


Computers  produce  answers  in  numerical 


form 


statisticians,  or  in  physical  form 


for  Use  in  fire  control  systems  and  industrial 

control  equipment*  By  physical  form  we  mean 

voltages  or  shaft  and  gear  revolutions*  Because 

computers  can  quickly  &olve  simultaneous  equa¬ 
tions,  they  can  he  used  to  direct  gunfire  or 

missiles  against  fast- moving  enemy  aircraft 


or  missiles.  Computers  arc  also  used  against 
surface,  underwater,  and  shore  targets*  Com¬ 
puters  within  the  missiles  i.  ;jerate  On  the  same 
principles  as  Those  in  the  weapon  system. 


F  U  NC  TIO N  AND  R  E  Q  LTR  E  M  E  MI'S 


One  Important  function  of  a  computer  is  the 
coding  and  decoding  of  information  relating  to 

the  missile  trajectory.  It  is  necessary  to  code 

and  decode  control  information  in  order  to  off¬ 
set  enemy  countermeasures  and  to  permit  eon- 

r re I  of  more  than  one  missile  at  the  same  time. 


Another  function  of  the  computer  is  the 

mixing  of  signals  from  sensor  and  reference 

units  to  produce  error  signals.  Figures  5-1  and 

5-0  show,  in  block  form,  how  the  computer  i 

linked  with  other  sections  of  the  complete 


system. 


The 


from 


sensor  and 


reference  units  may  be  mixed  in  a  preset 
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ratio,  or  they  may  be  mixed  according  to  pro¬ 
grammed:  instructions* 

The  error  signals  produced  by  mixing  are 

amplified  and  passed  to  the  control  actuating 

system  and  the  followup  section.  The  output 
of  the  followup  section  is  then  led  back  to  the 


computer  for  reprocessing. 


The  purpose  of 


feedback  is  to  reduce  over  control  that  would 

causL?  the  missile  to  oscillate  about  rhe  desired 
attitude. 

The  computer  section  may  also  compare  two 
or  more  voltages  to  produce  error  signals. 
Far  flits  purpose,  voltage  or  phase  comparator 


circuits  are  added. 


The  synchro  units  dis¬ 


cussed  in  the  previous  section  ire  used  in 
computers  to  convert  signal  voltages  into  forms 
that  are  better  suited  for  processing. 

Airborne  computers  are  generally  classi¬ 
fied  according  to  the  phase  Of  missile  flight  in 
which  they  are  used,  The  computers  may  be 
separate  units  or  they  may  be  combinations  of 
prelaunch,  launch,  azimuth,  elevation,  prog  ram, 
and  dive- angle  computers. 


TYPES  OF  COMPUTERS 


Computers  are  classified  according  to  pur¬ 
pose  as  general  or  special,  and  according  to 

whether  they  use  analog  or  digital  principles. 
Computers  used  in  weapons  systems  arc  de¬ 
signed  specifically  to  solve  problems  arising 
in  weapons  systems,  and  therefore  are  usually 
special  purpose  computers.  They  occur  in  a 
wide  variety  of  forms  and  may  have  little  in 
common  with  each  other.  While  general  pur¬ 
pose  computers  are  used  to  solve  problems 


directly 


elated  to  weapons  systems,  most 


computers  that  are  part  of  a  weapons  system 


are 


purpose,  connected  to  solve 


particular  problem,  or 


small  number  of 


problems*  A  ballistic  missile  guidance  com¬ 
puter,  for  example,  Will  solve  only  the  equa¬ 
tion  for  a  ballistic  trajectory,  but  can  be  made 
to  guide  the  missile  to  any  target  within  range. 


Analog  and  Digital  Computers 


The  two  basic  types  of  computers— analog 
and  digital— may  be  combined  to  form  a  hybird 

computer  with  both  analog  and  digital  charac¬ 
teristics. 


The  technique  used  to  deter  ini  tie  the 


mag¬ 


nitude  Of  tt.£  variable  is  afferent  in  the  two 


types. 


The  anal£>g  device  will  continuously 


measure  a  changing  variable;  it  recognizes  a 


variable  as  a  whole  quantity,  such  as  displace¬ 
ment  of  a  pointer,  rotation  of  a  shaft,  and  volt¬ 
age  of  a  circuit. 

The  digital  method  is  a  counting  method*  The 
digital  device  recognizes  quantity  as  a  number 
of  basic  units:  number  of  days,  number  uf 
ohms,  etc* 

Analog  computers  can  be  used  m  weapons 
systems  wherever  problems  of  calculations 
from  continuous  dataj  simulation,  or  control 
are  encountered,  In.  target  detection  and  track¬ 
ing,  analog  computers  are  used  to  direct  search 
radars  and  tracking  devices,  store  data  on 
target  location  and  velocity,  and  predict  future 

target  motion ,  The  c a  1c ulat ions  nec essa ry  to  di¬ 
rect  weapons  launchers,  and  actually  control 
launchers  and  missiles  a  re  performed  by  com¬ 
puters*  In  addition  to  actual  operation  of 

weapons,  analog  computers  are  used  to  sim¬ 
ulate  targets  for  training  purposes,  and  eval¬ 
uate  The  performance  of  the  weapons  systems 
in  engaging  the  simulated  targets. 

A  digital  computer  also  can  solve  problems, 

but  does  it  quite  differently.  Tht  actual  num¬ 
bers  are  used;  it  performs  simple  arithmetic 

on  them  and  produces  the  answer  In  the  form  of 
Individual  digits. 

Basically,  the  analog  computer  deals  with 

a  continuous  system,  while  the  digital  computer 
works  with  discrete  numbers.  While  the  analog 
computer  is  faster  than  the  digital,  it  is  much 
less  accurate. 

Also*  the  digital  comput+ir  can  only  give 


the  answer 


one  specific  Arithmetic  problem 


at  a  time,  but  ihe  analog  computer  car.  present 

the  overall  picture  of  an  entire  system. 

The  functions  of  the  digital  computer  In  the 
improved  Minute  man  missile  include  preflight 


tfi  siing,  countdown 


staging,  and  control  of 


penetration  aids  such  as  decoys  or  radar  chaff, 
in  addition  to  flight- path  control. 

Computers  may  solve  ihe  problem  by  elec¬ 
trical  means,  using  voltages  and  current;  elec¬ 
tromechanical,  using  voltages  and  shaft  po¬ 
sitions,  and  mechanical,  using  angular  rotations 
of  shafts  ard  linear  movements  of  shafts  and 
linkages*  There  are  many  electronic  devices 
in  digital  computer  circuits.  Relays  may  be 

open  or  closed;  diodes  pass  current  in  one  di¬ 
rection  but  not  the  other;  vacuum  tubes  and 

transistors  may  be  conducting  or  nonconducting; 

magnetic  cores  may  be  magnetized  clockwise 
or  counterclockwise.  In  addition,  a  variety 


of  exotic  devices  with  unique  characteristics 
have  been  applied  to  digital  circuits:  cryotron, 
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PRINCIPLES  OF 


magnetic  film,  tunnel  diode,  twistair,  a r.d  aper- 

tured  plate.  To  describe  the  functioning  of 

each  of  these  would  roouire  a  volume  in  itself* 

Refer  to  Principles  of  Naval  Ordnance  and 
Gunnery)  NavPers  10765- A,  for  more  informa¬ 
tion  on  digital  and  analog1  computers* 

We  will  describe  the  computer  elements 

according  tc  the  general  type  of  function  they 

perform.  These  types  were  briefly  described  Integrators 

at  the  beginning  of  this  chapter  as  MIX  EPS 
INTEGRATORS,  mid  RATE  COMPONENTS 


can  be  controlled  by  changing  the  gear  ratios 

in  the  differential. 

Sometimes  information  is  transferred 

through  air  or  hydraulic  tubes.  The  signals 

are  created  by  varying  th&  pressure  inside  the 

tube.  Two  signals  can  be  combined  by  joining 
two  tubes  into  one. 


An  integrator  performs  a  mathematical  op¬ 
eration  on  an  input  signal.  The  integral  ol  a 

constant  signal  is  proportional  to  the  amplitude 

multiplied  by  rhe  time  the  signal  is  p  re  sent. 

Assume  that  the  integrator  output  Is  four  volt  a 
when  the  duration  of  the  constant  input  signal  is 
one  minute.  Then  if  the  same  input  signal  liad 
lasted  for  one- half  minute,  the  output  would  have 
been  two  volts. 

But,  an  actual  missile  error  signal  is  not 
constant,  as  we  assumed  in  the  above  example. 
The  amplitude  and  sense  of  the  error  change 
continuously,  The  integrator  output  is  pro¬ 
portional  to  the  product  of  the  operating  time 

and  the  average  error  during  that  time.  Should 

the  sense  of  the  error  change  during  the  inte¬ 
gration  period,  a  signal  of  opposite  sense  would 

cause  the  final  output  of  the  integrator  to  de¬ 
crease,  The  integrator  can  be  considered  as 
a  continuous  computer,  since  it  is  always  pro¬ 
ducing  a  voltage  that  is  proportional  to  the 
product  of  the  average  input  voltage  and  time. 
Therefore,  the  integration  of  an  error  with  re¬ 
spect  to  time  represents  an  accumulation  ol 

intervals  of  time  and  errors  over  a  Specified 


Mixers 


A  mixer  is  basically  a  circuit  or  device  that 
combines  information  from  two  or  more  sources. 
In  order  to  function  correctly,  the  mixer  must 
combine  the  signals  that  are  fed  to  it  in  the 
proper  PROPORTION',  SENSE,  and  A  AS  PL  I- 

TOTE. 

The  type  of  mixer  used  will  depend  mostly 

on  the  type  ol  control  system,  Most  systems 

use  electronic  mixers.  However,  mixers  may 

also  use  mechanical,  pneumatic,  or  hydraulic 


Electronic  mixers  may  use  a  vacuum  tube 
as  a  mixing  device.  It  is  also  possible  to  use  a 
network  composed  of  inductors,  capacitors, 

and  resistors  for  mixing*  Regardless  of  the 

type  of  mixer,  the  signals  to  be  combined  are 

represented  by  the  amplitude  and  phase  of  the 
input  voltages.  Voltages  from  such  sources 
as  pLckoffs,  rate  components,  integrators,  fol¬ 
lowup  generators,  and  guidance  sources  may 
be  combined  by  :he  mixer  section  to  form 
control  signals. 

Mechanical  mixers  consisting  of  shafts, 

levers,  and  gears  can  also  be  used  to  com¬ 
bine  information.  Another  mechanical  mixer 

uses  gears  to  combine  position  or  angular 
velocity  information.  The  gear  arrangement  is 
similar  to  that  of  an  automobile  rear  axle  dif¬ 
ferential.  If  the  input  shafts  contain  position 
information,  they  will  move  slowly  and  maintain 

approximately  the  same  average  position.  The 

position  of  the  output  abaft  constantly  indicates 

the  difference  between  the  two  shaft  positions. 

If  the  information  is  represented  by  the  speed 
of  the  shaft  rotation,  Hie  angular  velocity  of  the 
Output  shaft  represents  the  difference  between 

the  two  input  abaft  speeds. 

It  is  possible  to  arrange  the  input  shafts  so 

that  the  output  represent  the  sum  of  the  inputs 

rather  than  the  difference,  Weighting  factors 


Any  integrator  has  a  time  lag  effect* 
Although  the  input  signal  goes  from  zero 

to  maximum,  with  zero  time  lag,  there  is  no 

output  at  that  instant.  Time  is  required  before 

the  output  reaches  an  appreciable  amplitude. 

Approximately  the  same  length  of  time  is  re¬ 
quired  for  the  output  amplitude  to  drop  to  zero 
after  the  input  pulse  ends.  The  additive  effect 
of  two  successive  negative  pulses  Is  made 
possible  by  the  time  lag*  and  is  used  to  give 
more  precise  control  action. 

The  output  signal  from  the  integrator  is 

used  to  support  the  proportional  error  signal. 

to  make  sure  that  enough  correction  will  always 
be  made  by  the  control  system. 

Keep  in  mind  that  the  degree  of  control  ex¬ 
erted  by  a  pure  proportional  funampllfied)  sig¬ 
nal  is  limited.  Over  control,  or  under  control 

causes  excessive  movement  of  the  missile  about 
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the  desired  trajectory.  There  are  times  -when 
proportional  control  alone  is  not  enough  to 
overcome  a  strong,  steady  force  that  is  caus¬ 
ing  the  missile  to  deviate  from  the  correct 
path*  In  a.  case  of  this  kind,  the  proportional 
error  signal  will  have  a  steady  component 
that  affects  the  integrator.  The  error  signal 
sense  remains  constant,  so  that  the  Integrator 
output  increases  with  time.  This  output  in¬ 
crease  reinforce  a  the  proportional  signal  until 
correction  of  the  flight  path  takes  place. 


an c e  1 R C  1  circ-_:is,  resist anc c- - i n d ue t ane t  (Hi 


c ire uit s ,  and  th  e  rm  a  1  de vie es .  The  ball-  and  -di  sk 
type  (fig*  5-2 0AJ  is  the  oldest  type  of  integrator 


still  in  use  in  missiles,  A  more  sophisticated 
integrating  circuit  is  shown  in  figure  5-26R.  It 
:±dds  .in  amplifier  to  a  simple  resistor -capacitor 
circuit.  The  resistor  (H)  produces  the  propor¬ 
tions*  cur  rent  from  the  input  signal  voltage. 


The  c  a  pa  c  1 1  o  r  f  C )  voltag  0  is  'he  i  nt  eg  r  0 1  or  ou  t 
put.  The  use  of  a  high  gain  feedback  ampll 
tier  produces  more  accurate  results. 


Integration  may  be  performed  by  a  motor, 
the  speed  of  which  is  proportional  to  the  amp¬ 
litude  of  the  input  signal.  The  motor  drives 
a  piefcoff,  and  the  distance  the  pick-off  moves 

is  proportional  to  the  integral  of  the  input 
signal. 

The  direction  of  motor  rotation  will  de¬ 
pend  on  the  polarity  or  phase  of  the  input  sig¬ 
nal.  The  amplitude  of  the  error  signal  varies 
irregularly;  the  sense  of  the  signal  may  re¬ 
verse,  causing  reversal  of  the  motor  rotation. 

Other  types  of  integrators  use  ball -and -disk 
mechanic  al  arrangement,  r  e  si  stance -capacit- 


Rate  Systems 

The  rate  section  in  a  missile  control  sys¬ 
tem  should  produce  an  output  signal  proportional 

to  the  RATE  OF  CHANGE  of  the  input  signal 

amplitude. 

The  time  lag  present  in  Integrator  circuits 
makes  rale  circuit  necessary.  Missile  devia¬ 
tion  cannot  be  corrected  instantly,  because  the 
control  system  must  first  detect  an  error  be¬ 
fore  It  can  begin  to  operate. 


ftHfSijTUOt  Dr  tNPVT 
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Figure  5-28.— Some  integrators  used  in  missile  control: 

A.  Ball-and-disc  integrator;  B.  Integrating  amplifier  circuit  and  symbol. 
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The  ideal  control  system  would  have  zero 
time  lag,  thy 3  permitting  zero  deviation  riur- 


P  UR  P03  E 


mg  the  missile 


Control  surfaces  are 


d  -signed  to  correct  missile  fligh.i  deviations 


rapidly 


The  control  surfaces  are  moved 


rapidly  by  actuators,  which  are  Operated  bv 


amplified  error  signals,  Bui  n  La  possible 
to  have  a  signal  so  large  that  the  missile  is 
driven  beyond  the  desired  attitude,  and  an  error 
occurs  in  rhe  opposite  direction.  This  error 
drives  the  missile  back  in  the  first  direction. 
The  end  result  is  a  series  oE  swings  back  and 
forth  across  the  desired  trajectory. 

These  unwanted  swings  are  known  as  os¬ 
cillation  (or  hunting)  anti  the  addition  of  a  rate 
signal  has  the  effect  of  damping  (retarding) 
the  oscillation*  The  amount  of  damping  may 
be  classed  as  CRITICAL,  UNDERD  A MPING , 
or  OVERDAMPING,  The  function  of  damping 
is  to  reduce  the  amplitude;  and  duration  of  these 


tr 


The  Simplest  form  of  damping  is  viscous 

damping.  Viscous  damping  is  the  application  of 
friction,  to  the  output  shaft  or  load,  that  is 
proportional  to  the  output  velocity*  This  type 
of  damper  absorbs  power  from  the  system 


and  slows  up  its  response 


You  will  find  vis 


cuua  damping  slows  up  its  response.  You  will 
find  viscous  damping  used  on  servos  in  the  older 


Damping  of  servos  in  the  newer  computers 
is  provided  by  the  rate  generators.  This  method 
of  damping,  sometimes  called  error- rate  damp¬ 
ing*  overcomes  the  disadvantages  of  viscous 


da  nip  ing 


By  combining  the  rate  signal  and  the 


error  signal,  the-  system  can  be  made  to  re¬ 
spond  to  a  constant  error.  It  is  also  possible 
to  combine  an  attitude  rate  signal  with  a 
guidance  signal. 

Perhaps  the  most  common  method  of  pro¬ 
ducing  a  rate  signal  is  by  using  a  separate 


ducing  a  rate  signal  is  by  vising  a  separate 
sensor  unit,  such  a,*  a  rate  gyro.  The  gyro 
displacement  is  detected  by  a  pickoffj  and  the 
output  of  the  pickoff  is  the  rate  signal* 

AMPLIFIERS 

An  amplifier  is  a  device  for  Increasing  the 
magnitude  of  a  quantity.  There  are  many  types 
of  amplifiers  and  many  uses  for  them.  In 
electronics  and  electrical  applications,  three 
types  widely  used  are  vacuum  tube,  transistor, 

and  magnetic  amplifiers.  The  first  two  are  dis¬ 
cussed  in  Basic  Electricity*  NavPers  lOQfn-A* 

and  the  last  named  is  described  in  Basic 
Electricity;,  NavPers  10086- A* 


Both  POWER  and  VOLTAGE  amplifiers  are 
used  in  missile  control  systems  to  build  up  a 
weak  signal  from  a  sensor  so  that  It  can  be 

used  to  operate  other  sections  of  the  control 
s v stem.  These  sections  normally  require 


system.  These  sections  n 
considerably  more  power  or 
available  from  the  sensor. 


IS 


Most  amplifiers 


use  electronic  tubes.  Regardless  of  the  method 
used,  the  prime  purpose  of  an  amplifier  is  to 
build  up  a  small  sensor  signal  to  a  value  great 
enough  to  operate  the  controls. 


OPERATING  PRINCIPLES 


Some  functions  in  missile  control  systems 


require  a  aeries  of  flat-topped  pulses,  called 
square  waves,  at  a  definite  frequency.  It  is 
possible  to  convert  other  wave  shapes  to  square 
waves  with  vacuum  tube  amplifiers  and  clipper A. 
It  is  also  possible  to  accomplish  the  same 
result  with  an  electromechanical  device  known 
as  a  chopper,  or  by  a  vibrator. 


A  chopper  ia  usually  an  electromechanical 
switch  designed  to  operate  a  fixed  number  of 
times  per  second,  opening  and  closing  the  con¬ 


tacts  periodically,  Fundamentally,  a  chopper 
serves  as  a  suppressed  carrier  square- wave 
modulator,  A  cutaway  view  of  a  mechanical 
chopper  is  shown  in  figure  5-20A.  This  unit 
hag  the  contacts  arranged  for  jingle-pole  double- 

throw  switching*  cantor  OFF  position. 

The  contact  arrangement  is  shown  near 

the  bottom  of  the  drawing.  Lends  are  brought 
out  separately  from  each  of  die  two  fixed  con¬ 
tacts  and  the  vibrating  reed  to  pins  on  the  base. 
These  pins  are  arranged  so  that  the  chopper 
can  be  plugged  into  a  conventional  radio  tube 
socket.  In  order  to  reduce  operating  noise, 

the  entire  mechanism  is  enclosed  in  ;i  sponge 

rubber  cushion  before  it  is  placed  in  the  metal 
can.  By  using  the  Chopper  in  connection  with  a 
conventional  transformer,  amplification  can  be 
obtained  at  the  pulse  frequency. 


An  electromagnet,  driven  by  a  source  of 
alternating  current*  sets  a  reed  in  vibration. 
The  reed  carries  a  moving  contact  that  alter¬ 
nately  Contacts  one  or  the  other  of  two  fixed 

contacts  m  a  signal  circuit.  Thus  the  signal  is 
peri  odicall .  inter  ru.  pied.  Th  e  per  mane  rst  r,  ia  gn  et 
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The  chi^  advantage  of  electromechanical 
choppers  in  their  extremely  low  noise  and  drift , 

They  have  been  used  successfully  to  amplify 

minute  voltages  such  as  those  generated  by 
th  er  mticoupl  es  * 


V  ibr  m  t :  i  r  s 


A  current  can  alsu  be  chopped  electronically 
by  passing  it  through  a  multivibrator  or  other 


switchh  rs. 


A  vibrator,  an  electro¬ 


mechanical  device  vised  primarily  to  convert 
direct  current  to  nitt.  mating  current  but  also 
used  as  a  synchronous  rectifier,  is  closely  re¬ 
lated  tn  tin;  chopper.  There  are  two  major  classes 
of  vibrators  interrupters,  ifi  which  the  vibrator 
serves  to  interrupt,  periodically,  the  direct 
current  input,  and  synchronous  vibrators,  in 
which  the  vibrator  periodically  interrupts  the 
input,  then  synchronously  rectifies  the  resulting 
alternating  current. 


Vacuum  Tube  Choppers 
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Figure  5“ 29.-* A,  Cutaway  view  of  mechanic ai 

chopper.  B„  Chopper— stabilised  d-e  amplifier, 
is  incorporated  In  the  pole  structure  of  the  coil 

sbas  to  polari/.f  the  coil,  Thea-r  excitation  of 

the  coil  alternately  reinforces  and  reduces  the 
magnetism  supplied  by  the  permanent  magnctjSo 
that  the  vibrating  reed  executes  one  oscillation 

for  each  oscillation  of  the  applied  voltage.  The 

resonant  frequency  of  the  fifd  is  not  made  equal 

t;>  the  excitation  frequency  because  then  small 

Changes  in  th •  f-xciting  frequency  would  result 

in  large  phase  shifts  between  the  reed  oscil¬ 
lations  and  the  coil  drive.  A  typical  circuit  is 

shown  in  figure  &-23B*  The  d-c  input  voltage  i* 

modulated  by  one  contact  of  the  chopper  into  an 
a-c  voltage.  This  voltage  is  amplified  in  a  stand¬ 
ard  a-c  amplifier  and  is  Wien  demodulated  by  the 
other  contact  of  Che  chopper.  The  signal  is 
smoothed  in  a  low- pass  filter  to  reconstruct  as 
ais  amplified  version  of  the  grig  Inal  input. 


Vacuum  tubes  can  be  used  as  electronic 
ohopp e r a  .  Ot h er  a  m p ]  i ft e  r ,<* ,  k~no wn  as  saturable 
reactors,  are  used  fur  a-c  motor  control*  This 
type  of  amplifier  may  sometimes  be  used  in 
combination  with  vadium  tubes.  Neither  the 

vacuum  tube  nor  the  transistor  alone  can 


function  as  an  amplifier;  each  must  be  asso¬ 
ciated  with  appropriate  input,  output  *  or  biasing 
circuits* 


Control  systems  in  guided  missiles  make  ex¬ 
tensive  use  of  chopping,  generally  to  change  a 

diren  current  signal  into  an  alternating  current 
signal,  winch  can  be  more  readily  amplified. 

An  aut  /pilot  amplifier  receives  signals  from 
the  outputs  of  the  gyroscopic  reference  system 
a  nd  th  e  ra  t  e  gy  res  cop  cs  h  a  nd  c onvert  s  t  he  s  i  gna  1.  s 

to  a  form  usable  for  guidance  of  the  actuator 

assemblies. 


The  use  of  amplifiers  in  the  guidance  system 
is  discussed  in  the  next  chapter* 


CONTROLLED  UNITS 

The  first  part  of  this  chapter  discussed  the 
purpose  and  function  of  control*  ihe  factors  con¬ 
trolled,  methods  of  control,  types  of  control 
action,  and  types  of  control  systems.  In  this 

section  we  will  discuss  controller  units  other 

than  amplifiers. 


PR  I NC IPL E  r-  01  GU  I D  E  D  MISSILES  A  S3  S  U  C  LE R  WE  A  ?0SS 


A  controller  unit  in  a  missile  control  ay  stem 
responds  to  an  error  Signal  from  3  sensor,  in 

certain  systems  in  amplifier  which  Is  furnish¬ 
ing  power  to  a  motor  serves  as  a  controller* 


TYPES 

There  are  several  types  o£  controller  units, 
and  each  type  has  some  feature  that  makes  it 

better  suited  for  use  in  a  particular  missile  sys¬ 
tem* 


A  solenoid  consists  of  a  coil  of  wire  wound 
around  a  nonmagnetic  hollow  tube.;  a  moveable 
soft- iron  core  is  placed  in  the  tube.  When  a 
magnetic  field  is  created  around  the  coll  by 
current  flow  through  the  winding,  the?  core  will 

center  itself  in  the  coil.  This  makes  the  solenoid 

useful  in  remote  control  applications,  since  the 

core  can  be  mechanl rally  connected  to 
mechanisms,  switch  arms,  and  other  regulating 
devices.  Two  solenoids  can  be  arranged  to  give 
double  action  in  certain  applications. 


Transfer  Valves 


Figure  5-30  shows  an  application  in  which 

two  solenoids  are  used  to  operate  a  hydraulic 

transfer  valve,  The  object  is  to  move  the  actu¬ 
ator  which  is  mechanically  linked  to  a  control 


fluid,  after  it 


surface'  nr  comparable  device 
The  pressurized 

leaves  the  accumulator,  is  applied  to  the  Trans¬ 
fer  valve  shown  in  figure  3- 3GB.  The  valve  is 
automatically  operated  by  the  response  of  the 
solenoids  to  electrical  signals  generated  by  The 
missile  computer  network. 

If  solenoid  -l  in  the  figure  is  energized,  it 

will  clause  the  valve  spool  to  move  to  the  left. 
This  will  permit  pressurized  fluid  to  be  ported 
to  the  right-hand  side  of  the  actuator  and  cause 
its  movement  to  the  left.  If  solenoid  #2  is 
energized,  the  valve  spool  will  move  to  the  right  t 

causing  actuator  movement  to  the  right  in  the 
same  manner.  When  neither  coil  ls  energized, 


the  Valve  is  closed 


5-30A). 


The  transfer  valve  ]uat  described  has  one 
disadvantage  in  that  it  operates  in  an  on- off 
manner.  This  means  that  It  provides  positive 
movement  of  the  control  surfaces,  cither  full 
up  or  full  down,  full  right  or  full  left,  A  finer 
control  U  usually  marc  desirable  in  missile 

systems*  The  servovalve  (fig.  5-311  provides 
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Figure  ■!  -30*— Transfer  valve:  A.  Closed  position 

schematic);  B.  Hydraulic  transfer  valve  and 

actual  Ot¬ 


tilia  control,  With  neither  of  the  windings  en¬ 
ergized  (or  a  balanced  current  flowing  through 

both),  the  magnetic  reed  is  centered  as  shown 


,  5-31).  In  this  condition,  high  pressure 
hydraulic  fluid  from  the  input  line  cannot  pass 

to  the  actuator  since  the  renter  land  of  the  spool 
valve  blocks  the  Inlel  port*  The  pressurized 
fluid  flows  Through  the  alternate  routes,  through 
the  two  restrictors  (fixed  orifice),  passes 

through  the  two  nozzles,  and  returns  to  the  sump 

without  causing  any  movement  of  the  actuator. 
If  the  right-hand  solenoid  is  energized,  the  mag¬ 
netic  reed  will  move  to  the  right,  bloc  king  off  the 
flow  of  high  pressure  fluid  through  the  right- 
hand  nozzle.  Pressure  will  build,  up  in  the  right 
pressure  chamber*  TTiis  will  move  the  valve  to 
the  left*  In  moving  left,  the  center  land  will  open 
ihe  high  pressure  inlet  and  permit  fluid  flow 

directly  to  the  right -band  side  of  the  actuator* 
At  the  same  time,  the  left-hand  Ian  !  of  the  spool 

will  open  the  low-pressure  return  line  and  permit 

flow  to  che  sump  from  the  left-hand  side  of  the 
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Figure  5-31  — Servovalve 


actuator,  This  process  will  cause  actuator 
movement  to  the  left.  By  energizing  the  left- 
hand  solenoid,  :be  reed  will  move  to  the  left*  and 
the  entire  process  will  be  reversed,  the  actuator 
then  being  m ov ed  to  the  right.  The  actuator  can 
be  used  :c  physically  position  x  control  surface. 


Relays  are  used  tor  remote  control  of  heavy- 
current  circuits.  The  relay  coil  may  be  designed 
to  operate  on  very  small  signal  values,  such  as 
the  output  of  a  sensor.  The  relay  contacts  can  be 

designed  to  carry  heavy  currents. 

Figure  5-32A  shows  a  relay  designed  for  con¬ 
trolling  heavy  load  currents.  When  the  coll  is 
energized f  the  armature  is  pulled  down  against 
the  core.  This  action  pulls  the  moving  contact  T 

against  the  stationary  contact, and  closes  the  high  power  a 

current  circuit*  The  relay  contacts  will  stay  B  input 

closed  a.s  long  as  the  magnetic  pull  of  the  coil  is 
strong  enough  to  overcome  thepull  of  the  spring, 

The  relay  juat  described  has  a  fixed  core.  Figure  5-32.— Seme 

However,,  some  relays  resemble  a  solenoid  in  A.  Tow  current  relay;  B.  Air 


k\  e  input 

LIMES 
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guided  missiles  and  nuclear  WK.A  pons 


that  part  of  the  core  \s  a  moveal  le  plunger,  The  ia  then  applied  to  the  armature  of  the  load  driv 


moving  contacts  are  attached  to  the  plunger,  but 


are  electrically  inflated  from  it. 


inc  motor,  .The  field  winding  of  the  motor  is 


figure  5-3ZR  shows  a  form  of  relay  that  can 


constantly  excited  by  a  d-c  voltage.)  The  am- 


be  used  tn  a  pneumatic  control  system.  Two  air 


plldyne  generator  amplifies  3  low- power  signs) 


pressure  lines  are  connected  to  the  air  input  h*avv  load. 


error  signal )  inis  one  strong  enough  to  move  a 


ports.  The  relay  operates  when  it 2:  arm  is  chs 


pbqt-J  by  air  pressure,  A  modified  design  uf  this 


The  control  field  windings  of  the  generator 


type  relay  might  be  used  iti  a  hydraulic -electric 


are  arranged  so  that  the  polarity  of  the  em 


system,  in  which  case  the  diaphragm  would  be 


tation  voltage  fnim  the  sensor  will  determine 


moved  by  hydraulic  fluid  proven * 


the  polarity  of  the  generator  output  voltage.  Th? 


generator  output  is  connected  to  the  load  driving 


motor  armature  through  the  latter's  cbmmu 


Ampildyne 


tat  or,  Since  the  field  of  the  motor  is  constantly 


rxcibd  by  a  fixed  polarity,  the  polarity  of  The 


An  amplidyne  can 


used 


voltage  applied  to  the  armx lure  will  determine 


mpMfier  and  controller,  since  a  small  amount 


combined  the  direction  of  armature  rotation. 


of  power  applied  to  its  input  terminals  controls 


mes  have  long  been  used  in  power 


drives  for  positioning  guns  and  lsiunc hers,  at 


many  times  that  amount  of  j:  a  we  r  at  the  output,  though  none  arc  used  in  current  missiles. 


Figure  5-33 


a  hnp  t  i dyn e  :  1  r  r a  ng  e  m  e  n ■ 


The  generator  is  driven  continously,  .it  1 


constant  speed 


The  generator 


the  .imphdynii-  drive  m  ‘tor. 


ACTUATOR  UMTS 


two 


windings 


may  Tie  separately  excited  from  ane^ternai 


The  actuator 


source.  When  neither  field  winding  is  excited 


there  is  ho  output  from 


detected  by  tlie  sensor  into  mechanical 


though  It  is  running,  If  follows  that  mi  voltage 


generator,  even  motion  to  operate  the  appropriate  control  dev  ice 


w  ill  correct  the  error  or  compensate  for  it 
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Figure  5~33,— Amplidyne  controller. 


144.33 


AND  SYSTEMS 


MISSILE 


large  forces  available  when  using  hydraulic 

actuators. 

You  have  studied  several  of  the  components 
shown  in  the  simplified  block  diagram  of  a 

hydraulic- elec  trie  controller  (fig.  5-34  K  This 
system  is  comprised  of  (lj  a  RESERVOIR  which 
contains  the  supply  of  hydraulic  fluid,  (2)  a 
MOTOR  and  a  PUMP  to  move  the  fluid  through 
the  system,  (3)  a  RELIEF  VALVE  to  prevent  ex¬ 
cessive  pressures  in  the  system,  (4)  an  AC- 
C  l'  -MU  LA  TO  R  wtii  oh  acts  a  s  an  auxiliary  stnrage 
space  for  fluid  under  pressure  and  as  a  damping 

mechanism  which  smooths  nut  pressure  surges 
within  the  system,  and.  (a  .  a  TRANSFER  VALVE 
which  controls  the  flow  of  fluid  to  the  actuator. 

Most  of  these  components  of  the  system  have 
brer,  covered  in  the  preceding  pages*  The  theory 
of  hydraulic  piston  displacement  is  explained  in 
Fluid  Power,  NavFers  161 93- A  and  hydraulic 

pumps  are  also  illustrated  and  explained*  Pumps 

used  in  missile  systems  generally  fall  into  two 
categories— gear  and  piston*  They  are  usually 
driven  by  an  electric  motor  within  the  missile. 

RESERVOIR* -The  reservoir  is  a  storage 

compartment  for  hydraulic  fluid.  Fluid  is  re¬ 
moved  from  the  reservoir  by  the  pump,  and 

forced  through  the  hydraulic  system  under  pump 

pressure.  After  the  fluid  has  done  its  work,  it 
is  returned  to  the  reservoir  to  be  used  again. 

The  reservoir,  called  a  sump,  is  actually  a n 
men  tank  because  of  the  atmospheric  pressure 


The  actuator  must  be  able  to  respond  rapidly, 
with  a  minimum  time  lag  between  detection  of  the 
error  and  movement  of  the  flight  control  sur¬ 
faces  or  other  control  device*  At  the  same  time, 
it  must  produce  an  output  proportional  to  the 
error  signal T  and  powerful  enough  to  handle  the 
load*  Figure  5- 3 OB  shows  a  double-acting  piston- 
type  hydraulic  actuator  In  which  hydraulic  fluLd 
under  pressure-  can  be  applied  to  either  side  of 

the  piston.  The  piston  Is  mechanically  connected 

to  the  load* 


PRINCIPAL 


Actuating  units  use  one  or  more  of  throe 

energy  transfer  methods:  hydraulic,  pneumatic, 

or  electrical.  Each  of  these  has  certain  advan¬ 
tage  ft,  as  well  as  certain  design  problems ,  men¬ 
tioned  earlier  in  this  chapter*  Control  devices 
make  use  of  more  than  one  method  of  energy 

transfer  but  arc  els ssified  according  to  the  major 

one  used.  Combinations  are  hydraulic -electric, 
and  pn euniat  ic-  electric.  Mechanical  linkage s  are 
used  to  some  extent  by  all  of  them. 


HYDRAULIC 


Pascal's  Law  states  that  whenever  a  pres¬ 
sure  is  applied  to  a  confined  liquid,  that  pres¬ 
sure  is  transferred  undim unshed  in  all  direc¬ 
tions  throughout  the  liquid,  regardless  of  the 

shape  of  the  confining  system* 

This  principle  has  been  used  for  years  in 
such  familiar  applications  as  hydraulic  d 00 r 
slops,  hydraulic  lifts  at  automobile  service 

stations,  hydraulic  brakes,  and  automatic  trans¬ 
missions* 

Generally,  hydraulic  transfer  units  are  quite 

simple  In  design  and  construct  ion*  One  ad  vantage 
of  a  hydraulic  system  is  that  it  eliminates  com¬ 
plex  gear,  lever ,  and  pulley  arrangements.  Also, 

the  reaction  time  of  a  hydraulic  system  ia rela¬ 
tively  short,  because  there  is  little  slack  or  lost 
motion  A  hydraulic  system  does,  however, 

have  a  slight  efficiency  loss  due  to  friction. 


VAL  VES*— The  valves  in  the  piston  pump  are 
of  the  flap  type,  which  operate  with  very  a  mall 

changes  In  pressure.  Another  type  of  valve  used 
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The  hydraulic-electric  method  of  actuating 

movable  control  surfaces  (or  movable  jets, 

nozzles  or  vanes)  has  been  used  more  than  any 

other  type  of  system.  As  previously  mentioned, 
the  most  important  advantages  of  this  type  Of 
system  are  the  high  speed  of  response  and  the 
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MECHANICAL  CONNECTION 


Figure  5-34.— Basic  hydraulic  controller 
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in  hydraulic  systems  is  the  pressure  relief 
valve.  As  its  name  implies,  it  is  used  to  prevent 
damage  to  the  system  by  high  pressures*  Some 
combination  systems  used  hydraulic  pressure 

regulating  switches  instead  of  pressure  relief 

valves. 

A  typical  hydraulic  relief  valve  consists  of  a 

metal  housing  with  two  ports.  One  port  is  con* 
needed  to  the  hydraulic  pressure  Line  and  the 
other  to  the  reservoir  return  line.  The  valve 
consists  of  a  metal  ball  seated  in  a  restricted 


section  of  the  pressure  line.  The  ball  is  held  in 
place  by  a  spring,  the  tension  of  which  is  ad¬ 
justed  to  the  desired  lifting  pressure.  This 

pressure  ia  chosen  so  that  it  will  be  within  the 
safe  operating  limits  of  the  system. 

Should  the  system  pressure  become  greater 

than  the  spring  pressure,  the  ball  will  be  forced 


away  from  the  opening,  and  fluid  will  flow  into 
the  port  that  loads  to  the  reservotr  return  line. 
Thus  the  pressure  can  never  exceed  a  safe  limit] 
and,  since  the  fluid  Is  returned  to  the  reservoir, 
no  fluid  is  lost. 

These  valves,  and  others,  are  described  and 

illustrated  in  Fluid  Power,  NavPers  161 93- A, 
Transfer  valves  were  described  earlier  in  this 

chapter. 

ACCUMULATORS.— Accumulators  are  of 


Three  types  as  shown  in  figure  5-35*  Part  A  of 
the  figure  shows  the  floating  piston  type,  con¬ 
sisting  of  a  metal  cylinder  which  is  separated 

into  two  parts  by  a  floating  piston*  The  upper 
part  of  the  cylinder  contains  hydraulic  fluid* 


is 


Below  the  piston  is  an  air  chamber 
charged  with  compressed  air.  The  accumulator 
shown  in  figure  5-35B  is  the  diaphragm  type 
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which  consists  of  two  herni spherical  sections  thus  providing-  fine  control.  If  missile  attitude 
separated  by  a  flexible  diaphragm.  The  upper  -externa]  followup)  were  the  only  guide  to  cor- 
chamber  contains  the  hydraulic  fluid  and  the 


lower  chamber  the  compressed  air  charge, 


reel  the  control  surfaces,  reaction  would  occur 

too  late  to  provide  fine  control*  In  other  words* 


Although  the  construction  of  the  accumulators  the  reaction  would  be  too  late  because  of  aero- 

is  somewhat  different,  they  operate  on  the  same  dynamic  lag.  Suppose,  for  example,  that  a  nifs- 
principle*  Theair  chamber  is  charged  with  com-  she  WITHOUT  internal  followup  turns  to  the 

pressed  air  to  a  pressure  corresponding  to  the  right  due  to  a  rust  of  wind.  The  free  gyros  would 
desired  pressure,  which  is  less  than  the  line  sense  the  amount  of  error  and  cause  control 
pressure  of  the  hydraulic  system.  With  the  hydr-  surface  deflection  to  bring  the  missile  back  to 
atilic  line  pressure  higher  than  the  air  pressure  the  left.  The  rate  gyros  would  sense  the  rate  of 

hydraulic  fluid  will  be  forced  back  into  the  upper  attitude  deviation  and  relay  thin  information  to 

compartment.  This  fluid  forces  the  diaphragm  the  missile  computer  network.  To  make  proper 
tor  floating  piston)  down  against  the  compressed  use  of  the  free  and  rate  gyro  information  in 


aircharge,  increasing  the  pressure  until  a  work-  providing  control 


correction  signals, 


tag  pressure  is  reached.  If  the  pressure  output  ^he  missile  computer  network  must  also  be  kept 

of  the-  pump  should  drop  suddenly,  the  compress-  informed  of  the  instantaneous  control  surface 

ed  air  charge  would  force  the  diaphragm  or  pi  $t-  positions*  Devices  such  as  the  pickoffs  (also 

on  up  ward,  thereby  maintaining  aeon  at  ant  press-  called  f  ol  la  wup  or  respon  s  e  general  ora  leis¬ 
ure  in  the  system*  By  building  up  air  pressure  cussed  in  the  chapter  are  commonly  used  to 
In  the  accumulator,  any  pressure  surges  in  the  measure  deflection  Of  the  control  surf  a  res  with 
hydraulic  system  will  he  smoothed  out,  permltt-  respect  to  the  missile  airframe  and  to  relay 


ing  a  smooth  operation  of  the  load 


this  information  to  the  missile  computer  net 


Air  as  the  pressurize r  is  replaced  with  work.  Aa  a  result,  the  correction  signals  from 
nitrogen  for  reasons  of  fire  safety*  The  piston  the  computer  network  will  provide  smooth  and 


type  of  accumulator  is  being  phased  out. 


me  control.  There  are  various  other  types  of 


The  third  type,  illustrated  in  figure  5-35C,  control  surface  pickoff  devices* 


is  the  bag  type.  The  outside-  of  the  bag  type  is  a 


An  electrical  followup  [feedback!  system  is 


metal  shell;  the  bag,  of  neoprene,  is  inside,  and  shown  in  figure  5-3G.  In  this  system,  the  error 

contain  a  the  nitrogen.  The  bladder  will  fill  ap-  signal  is  supplied  to  an  electronic  mixer  where 

proximatejy  three-fourths  of  the  inside  area  of  it  is  combined  with  the  smaller  signal  from  the 

the  cylinder  when  the  hydraulic  pump  forces  oil  response  generator*  The  difference,  or  result- 
intO  the  flask,  A  spring- loaded  popper  valve  at  ant,  of  these  signals  is  fed  through  an  ampli- 
the  bottom  of  the  fla.fk  prevents  the  bladder  ex-  Her  and  controller  to  the  actuator  section  that 
paneling  down  into  the  manifold  if  there  is  no  operates  the  control  surface.  A  portion  of  this 

hydraulic  Fluid  {or  only  a  small  amount)  in  the  signal  is  also  fed  tp  the  response  generator,  so 

flask, 

C  0  N  T  R  O  L 


the  response  signal  is  proportional  to  the 

5"Y  STEM  INTERNAL  flight  surface  deviation  frnm  the  axis  line. 


I'OLLO wu P *— The  folio  wu p  un it  (a  a e rvom ech - 


a  ni  sm ) 


It  is  also  possible  to  use  a  mechanical 


in  a  missile  control  system  plays  an  followup.  When  this  method  is  used,  the  followup 


important  part  in  obtaining  a.  smooth  trajectory  mechanism  may  be  a  part  of  an  air  relay  as 

with  minimum  oscillation.  There  are  two  basic  shown  in  figure  5-37.  The  control  surface 

types  of  followup  associated  with  missile  control  position  in  relation  to  the  missile  axis  is  icdl- 

(flg.  5-27).  The  first  is  internal  followup  (also  cated  by  a  force  which  is  reflected  to  the  con- 

ref  erred  to  ns  minor  followup),  and  the  second  t roller  by  a  spring, 

is  external  followup  (sometimes  called  major  To  see  how  this  system  operates,  assume 

Internal  followup  involves  devices  that  the  signal  from  a  pneumatic  pickoff  moves 

in  stalled  to  measure  missile  control  surface  Hie  air  relay  diaphragm  up.  The  followup  arm 

position,  and.  to  relay  this  position  information  will  then  move  clockwise.  This  movement  causes 

back  to  the  missile  computer  network*  External,  the  valve  spool  of  the  air  valve  to  move  upward* 

or  major,  followup  involves  the  sensing  of  mis-  I'he  valve  action  admits  high-pressure  air  to  the 


sile  attitude  by  tho  gyros. 


relay,  and  the  pressure  forces  tiny  piston  of  the 


The  purpose  of  the  internal  followup  loop  pneumatic  actuator  to  the  left.  When  this  happens, 

(also  called  feedback  loop)  is  to  increase  the  the  followup  spring  is  compressed  and  tends  to 
speed  at  which  a  missile  responds  tu  an  errorT  Turn  the  followup  arm  in  a  counterclockwise 
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direction. 


the  followup  force  is  in  op 


A  large  signal  will  create  a  larger  flight 


posit  Ion  to  the  original  motion  of  the  followup 


control  surface  deflection  before  the  feedback 


arm,  we  have  the  desired  inverse  feedback 


force  becomes  great  enough  to  return  the 
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Figure  5 -S6T— Followup  loop  of  missile  control  system. 
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33.155 


Figure  5- 3 7 Air  relay  with  mechanical  follcwup 
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followup  arm  to  zero.  The  spring  will  then  push 
tile  followup  arm  and  the  air  valve  in  the  op¬ 
posite  direction,  to  move  the  flight  control 
surface  back.  Therefore,  the  spring  acta  to 
limit  flight  surface  deflection  to  a  value  deter¬ 
mined  by  the  error  signal,  and  to  return  the 

flight  control  surface  to  a  position  parallel 
with  the  missile  axis. 

Hydraulic- Electric  Control  System 

Figure  5-38  shows  a  simplified  block  diagram 
of  a  hydraulic -elec  trie  channel  for  roll  control* 

Notice  die  similarity  between  this  figure  and  the 
basic  control  system  diagrams  In  figures  5- 1 
and  5-0,  Since  the  pitch  and  yaw  control  systems 

are  very  nearly  the  same  as  the  roll  control 
system,  there  is  little  necessity  to  describe  them 
in  detail  separately, 

CHANNEL  INTER  CONNECTION -Very  of¬ 
ten  the  roll,  pitch,  and  yaw  channels  are  inter¬ 
connected  either  electrically  or  hydraulically* 
Figure  5-39  shows  a  possible  method  of  elec¬ 
trically  connecting  the  channels.  Four  movable 
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ig^ire  5-39.— Electrical  interconnection  of  channels  in  hydraulic- electric  control  syntem. 


Chapter  5— MISSILE  CONTROL  COMPONENTS  AND  SYSTEMS 


Th e  principal  difference  between  a  hydraulic 
system  and  a  pneumatic  system  ia  the  use  of  air 
rather  than  hydraulic  fluid,  as  the  working 

medium, 

GENERAL  O  PE  It  A  TtON ,  -The  pneu  mat  ic 

control  system  La  almost  entirely  operated  by 

compressed  air. 

The  rotors  of  the  gyros  are  powered  by  air. 
The  gyro  pi&eofla  arc  all  air  blocks;  therefore, 
the  control  information  is  in  the  form  of  vary¬ 
ing  air  pressures*  The  control  surfaces  are 
moved  by  air  pistons.  Air  from  a  pressure  tank 
passes  through  deliver", ■  tubes,  valves,  and  pres¬ 
sure  regulators  to  operate  mechanical  units. 


After  the  air  hue  done  its  work,  it  is  exhausted 
to  the  atmosphere.  It  cannot  be  returned  to  the 

tank  for  reuse.  Consequently,  air  must  be  stored 

at  a  much  higher  pressure  than  is  necessary 

for  operating  the  loads  in  order  to  have  enough 
pressure  tn  operate  the  controls  as  the  air 
supply  tn  the  tank  diminishes. 

Figure  5-40  shows  one  possible  pneumatic 


system.  Note 


this  system  contains  three 


gyros— one  displacement  (free)  gyro  and  two 
rate  gyros* 

For  simplicity  of  Illustration,  the  figure 
shows  conventional  control  surfaces.  The  basic 


principles  outlined  in  the  following  paragraphs 

bold  regardless  of  which  c  out  rot  method  is  u  s  ed . 
Starting  with  the  displacement  gyro,  the  pitch 

and  yaw  errors  are  sensed  by  air -block pickoffs. 

Each  signal  is  sent  by  means  of  varying  air 
pressures  to  an  air  relay.  The  air  relay  acts 

like  a  combination  amplifier  and  controller.  The 

input  to  the  relay  is  in  the  form  of  small  charges 
csf  air  pressure  from  the  airblock  piekoffs.  The 
output  of  the  relay  is  a  pressure  which  is  high 
enough  to  actuate  an  air  piston.  The  two  rate 
gyros  also  produce  a  pneumatic  signal  which 

joins  with  the  free  gyro  signal  of  the  respective 

channel.  The  addition  of  these  signals  in  the 

proper  ratio  can  be  considered  to  be  computer 
functions  of  this  system* 

The  followup  signal  is  actually  a  mechanical 
force  exerted  by  a  spring  fig.  5-4GA),  Both  the 
diaphragm  and  spring  exert  force  on  the  servo¬ 
valve  spool.  Movement  of  the  spool  to  either  side 

o:  normal  produces  a  varying  force  on  the  air 
relay  valve*  This  action  tends  to  return  the 

servovalve  spool  to  the  normal  or  mid  position  to 

produce  streamlined  control  surfaces. 

The  corrective  signal  to  the  servovalve  spool 
must  be  somewhat  dependent  on  the  instantaneous 
position  of  the  control  surface,  This  position  is 

indicated  by  the  followup  signal.  Again ,  a  com¬ 


puter  function  is  performed  as  spring-force  in¬ 
formation  is  combined  in  proper  sense  and  ratio 
with  air  pressure  information  at  the  air  relay. 


yaw  CONTROL.— At  the  yaw  rate  gyro,  the 
rate  signal  appears  as  an  unbalanced  air  pres¬ 
sure  between  two  holes  in  an  air -block  pi  draff. 


Now  suppose  the  nose  veers  to  the  right.  A  dis¬ 
placement  gyro  signal  develops  at,  the  pickoff 
(yaw  control  air  jet).  The  yaw  control  air  jet 
pivots  to  increase  air  pressure  m  the  left  hole 

of  the  piefcoff  'when  facing  the  direction  of  flight). 


Th:s  air  pressure  is  transported  in  the  lower  of 
tor  two  air  tubes  tp  the  diaphragm  of  the  air 
relay.  The  diaphragm  is  forced  to  the  left.  This 
controls  high  pressure  air  which  forces  the 

actuator  to  the  right.  Mechanical  linkage  moves 

the  rudder  to  the  left,  correcting  a  nose- right 

deviation. 


Again  consider  the  nose- right  attitude*  As 

the  nose  is  moving  right,  an  error  signal  is 
produced  by  the  yaw  rate  gyro,  By  the  law  of 
gyro  precession,  the  yaw  rate  gyro  exerts  more 


force  on  the-  right  restraining  spring  'because 
force  On  the  gs tribal  processes  the  gyro  a  small 
amount.  As  it  preceases,  more  air  is  received 

by  hie  left  hole.  This  increases  the  pressure  in 

the  same  tube  that  contains  the  high  pressure 
signal  from  the  displacement  gyro.  The  rate 
gyro  is  SUPPORTING  the  error  signal  of  the 

displacement  gyro. 


PITCH  CO  NTH  OL , — In  the  m  i  s  all  e  under  di  s- 
cussion,  a  pendulous  device  ia  used  for  pitch 
control.  Figure  5 -4GB  shows  the  relationship  of 
[he  pendulous  device,  yaw  torquer  coils,  pitch 
pickoff,  and  barometric  altitude  control.  The 

diag  ram  s  hows  ho  w  the  d ev  ic  cs  bp  er ate  tog  etfc  er . 

When  rbe  missile  deviates  in  pitch,  more  air 
ia  directed  into  one  hole  of  the  pilch  ptCkOff 
block  than  the  other.  This  pressure  difference 


represents  a  pitch  error  signal  which  connects 

to  an  air  relay.  The  air  relay  controls  air  pres¬ 
sure  used  to  move  the  elevator* 

Since  i he  rotor  of  the  gyro  tends  to  maintain 

a  constant  plane  of  rotation  in  space  cue  to  gyro 
rigidity,  the  gimbal  and  gyro  disc  also  maintain 
Ei  constant  angle  since  they  move  with  the  gyro. 

The  disc  ss  rigidly  connected  to  the  gimbal.  The 

gyro  cradle  normally  moves  with  the  airframe* 

The  pitch  pickoff  pivot  and  block  arc  connected 


to  the  cradle  and  also  move  with  cho  airframe* 
Wien  the  missile  deviates  in  pitch,  the  cradle 
and  pitch  pickoff  also  deviate  in  pitch,  but  the 
gyro  disc  maintains  the  same  position  in  space. 

The  pitch  arm  pivots  as  It  rides  in  the  slotted 
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dine  :'i nd  produces  the  pressure  difference  be¬ 
tween  the  two  holes  of  the  otefcoff  block, 

BAROMETRIC  ALTITUDE  CONTROL,- 
Pitch  can  also  be  controlled  by  a  barometer 
servo,  'The  servo  {fig.  5 -4 OB)  is  connected 
mechanically  to  the  gyro  cradle.  The  gyro 
cradle  remains  fixed  with  respect  co  the  air* 
fraine  unless  the  barometer  servo  should  move 
it.  ttrhen  the  barometer  actuator  moves,  the 
posit: on  erf  the  gyro  cradle  with  respect  to  the 


missile  frame  changes  by  pivoting.  Also*  when 
the  gyrn  cradle  moves,  the  nozzle  and  block  of 
the  pitch  pickoff  move  with  it.  Since  the  gimbal 


and  disc 


i 


the  pitch  pic  keif 


arm  pivots  and  produces  a  pitch  signal,  This, 
of  course,  also  produces  elevator  movement 
and  missile  pilch  reaction. 

The  stability  rrf  this  missile  ;n  pitch  is  pro¬ 
duced  by  the  relation  of  the  missile  ar.d  the 
gyro.  The  initial  climb  angle  and  altitude  of  the 
trajectory  are  com  rot  led  by  the  barometer  servo 
operating;  the  gyro  cradle. 


Pneumatic-Electric  Control  Systems 

Some  missile  control  systems  have  been 
designed  wh i ch  use  a  combination  of  pneumatic 
and  elertrica;  apparatus.  Such  systems  usually 

use  electrical  ptoknffs.,  which  arc  che  musi 
accurate  and  reliable-  The  pneumatic  equipment 
is  used  to  move  the  actuators- 

The  change  from  electric  to  pneumatic  op¬ 
eration  takes  place  at  the  air  Servovalve  (fig. 
5-4CA).  The  sir  servomotor  rota  teg  the  torque 
tubes  which  arc  connected  to  the  cohtr-i]  sur¬ 
faces  and  extend  into  the  center  section  of  the 
nitssiie*  The  deflection  of  ibe  control  surfaces 
is  proportional  to  the  input  signal- 

Electric  Control  Systems 


An  electric  control  system  consists  entirely 
of  components  powered  by  electricity-  Thus, 
ac  pneumatic  or  hydraulic  transfer  system  is 
necessary. 

Except  for  the  controller  and  actuator^  the 
enmponents  used  are  similar  to  those  used  in 
the  hydraulic » electric  svgtem, 

ACTUATORS  OF  ELECTRONIC  CONTROL 

SYSTEMS.— Electric  motors  arc  used  for  actu¬ 
ators  in  electric  control  systems.  It  is  not 
practical  to  apply  the  torque  of  the  motor 
directly  to  the  control  surface  by  using  the 
motor  shaft  as  the  control- surface  pivot.  Such 
a  motor  would  have  to  be  very  largo  to  exert 


enough  torque  to  move  the  airfoils  sufficiently, 
A  large  motfor  cannot  be  used  because  of  its 
excessive  weight. 

A  small  motor  running  at  high  speed  has  tlie 
same  power  potential  as  a  larger  motor  which 
runs  at  some  lower  speed.  Therefore,  a  small 
motor  ig  connected  to  the  control  surf  a  c  e  through 

a  reduction  gear  train.  The  mechanical  ad¬ 
vantage  yielded  by  the  gear  train  results  in  a 
large  torque  exerted  on  the  c  Patrol  -surface 
pivot.  The  motor  is  either  a  constant  speed 
motor,  operating  through  a  clutch,  or  a  vari¬ 
able  speed  motor. 

The  high  rotation  speed  of  an  electric  motor 
introduces  a  major  disadvantage  to  anelectrical 
system.  The  inertia  of  an  electric  motox  intro¬ 
duces  a  lag  sn  the  System  which  make  s  fin  c  con¬ 
trol  difficult  io  achieve.  If  the  lag  is  great 
enough,  the  system  operates  with  insufficient 
sensitivity  or  with  a  tendency  to  oscillate. 

VARIABLE  SPEED  ACTUATOR.— Figure 

5-dl  illustrates  a  variable-  speed  motor  used  tu 
move  a  control  surface*  A  signal  is  sent  to  a 
motor  which  rotates  an  a  given  direction  depend¬ 
ing  on  the  sense  of  the  signal.  The  motor  turns 
at  a  speed  which  is  roughly  proportional  to  Ihe 
strength  of  the  signal.  Since  the  motor  Is  coupled 
to  the  elevator  through  a  reduction  gear  train, 
the  elevator  movement  is  proportional  to  the 
Speed  of  the  motor. 


CONSTANT 


SPEED 


ACTUATOR. -The 


effects  of  inertia  when  starting  aiid  stopping  a 
variable  speed  motor  can  be  eliminated  by  usir^t 
a  drive  motor  which  runs  continuously  and 
maintains  uniform  upeed.  In  this  case  the  motor 
is  connected  to  the  contrq]  surface  through  a 
clutch-  The  clutch  varies  the  power  transnit&- 
sion  from  the  motor  to  the  control  surface*  The 
use  of  two  clutches  and  a  gear  differential  would 
allow  control  in  boh]  directions. 

Figure  5-42  shows  a  system  output  using: 
clutches.  The  friction  clutch  fiscs  make  con¬ 
tact  by  meant:  of  a  solenoid  from  the  ■channel 
power  amplifier.  The  amplifier  needs  to  supply 
power  only  to  operfttfl  the  solenoids. 


Mechanical  Linkage 


vVe  have  discussed  the  various  control  sys¬ 
tems,  but  have  not  discussed  in  detail  die 
mechanical  means  of  linking  the  flight  control 
surfaces  to  the  actuator.  In  addition  to  provid¬ 
ing  a  coupling  means,  the  linkage  may  also  be 
used  to  amplify  either  the  force  applied  or  the 
speed  of  movement. 
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Figure  5-41  .—Electric  actuator  {variable  speed  motor)* 


A  mechanical  linkage  between  an  actuator 
and  a  load  is  shown  tn  figure  5-4 3A,  The  distance 
d,  on  the  drawing  represents  the  distance  from 
the  control  surface  shaft  to  the  point  where  the 
force-  is  applied*  The  control  surface  moves 
because  force  exerted  by  the  piston  is  applied 
at  a  distance  from  the  ait  is  of  rat  a  Eton,  and  thus 
produces  a  torque.  Other  mechanical  linkages 


may  c<  nslst  of  an  arrangement  ofgea.rsp  levers, 
or  cables  (fig*  5-43B). 

A  number  of  mechanical  systems  may  be 
grouped  together  to  form  a  combination  sys¬ 
tem,  This  system  uses  levers,  cables.,  pulleys, 
and  a  hydraulic  actuator*  However,  a  system 
using  rhis  idnd  of  control  is  not  suited  for  high 
speed  missiles. 
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Figure  5- 4 2. —  Control  system  rising  constant  ti^ecd  actuator  motor. 
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Figure  5-43*-^  Mechanical  linkages:  A.  Actuator  and  load  linked  by  lever  arm: 

E,  Gear  train  type  of  mechanical  linkage. 
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CHAPTER  6 


PRINCIPLES  OF  MISSILE  GUIDANCE 


INTRODUCTION 


DEFINITIONS 


Preceding  chapters  have  discussed  missile 


A  distinction  was  made  in  chapter  1  between 


Airframe  and  control  surfaces,  propulsion  ays-  missiles  and  guided  missiles.  They  may  alsobe 


terns,  war  heads,  and  control  systems.  Chapter 
5  defined  guidance  and  control,  and  set  up  an 


called  controlled  missiles  and  uncontrolled  mis¬ 
siles*  Uncontrolled  missiles  follow  a  ballistic 


arbitrary  division  of  fuct Lon s  and  components  trajectory  which  is  determined  by  their  initial 
nf  those  two  systems.  This  chapter  shows  the  velocity,  initial  attitude,  and  the  forces  of 


basic  functional  components  of  guidance  sys-  nature  present 


wind,  and  iir  resisi- 


tflms.  Some  of  them  are  in  the  missile  and  an  cel.  Arrows,  bullets,  artillery  projectiles, 

some  are  aboard  the  launching  ship.  and  bombs  are  examples  of  missiles  that  follow 

a  purely  ballistic  trajectory  after  release.  Mis- 

There  are  several  methods  of  providing  siles  which  are  propelled  by  reaction  propulsion 
guided  missiles  with  the  guidance  signals  neces-  systems  and  which  are  without  control  cjuidance 

Gary  to  bring  about  a  collision  with  a  target,  after  flight,  such  as  free  (unguided)  rockets, 

but  two  broad  categories  can  include  all  of  them,  follow  ballistic  paths  after  engine  cutoff. 

Th  e  first  cat  ego  ry  includ  e  s  the  M  guided  missiles 
that  maintain  electromagnetic  radiation  contact 
with  manmade  devices  outside  of  the  missile 
proper  (devices  on  the  ship  or  ground  station}. 

Examples  of  these  devices  include  radar  trans¬ 
mitters*  radio  transmitters,  and  the 
itself.  The  second  category  includes  those 
guided  missiles  which  do  not  maintain  electro¬ 
magnetic  radiation  contact  with  manmade  de¬ 
vices.  In  this  category  are  missiles  which  rely 

electromechanical  guidance  devices 


A  missile  whose  flight  path  is  controlled 
after  launching  is  considered  to  be  guided. 
Internal  equipment  may  sense  deviation  from  the 

prescribed  path  and  Operate  to  correct  it^  Or 

the  missile  may  be  commanded  from  an  ex¬ 
ternal  source  to  make  certain  changes  in  its 
flight  path.  Many  missiles  use  a  combination  of 

guided  and  unguided  phases  of  flight* 


01 


PURPOSE  AND  FUNCTION 


or  electromagnetic  radiation  contact  with  natural 

sources.  The  preset  and  iiiertially  guided  mis- 
alles  rely  primarily  on  electromechanical  de¬ 


vices  within  the  missile 


The  celestial  and 


The  purpose  of  a  guidance  system  is  to  con¬ 
trol  the  path  of  the  missile  white  it  is  in  night. 
This  makes  it  possible  for  personnel  at  ground 

or  mobile  Launching  sites  to  hit  a  desired  tar¬ 
get,  regardless  of  whether  that  target  is  fixed 
or  moving,  and  regardless  of  whether  or  not  It 
takes  deliberate  evasive  action.  The  guidance 

function  may  be  based  on  information  provided 

Modern  guidance  systems  are  far  advanced,  by  sources  inside  the  missile,  or  on  informs*  - 


terrestrial  guided  missiles  rely  primarily  m 

electromagnetic  radiation  contact  with  natural 

sour  c  ea . 


Progress  in,  electronic  and  allied  equipments  is 
rapid.  The  basic  principles  stay  the  same, 


tion  sent  from  fixed  or  mobile  control  points, 
or  both, 

though  the  "hardware'"  may  change  tremen-  Every  missile  guidance  system  consists  of 

dousiy,  such  as  the  change  from  vacuum  tubes  to  am  attitude  control  system  and  a  path  control 
transistors.  This  chapter  and  the  following  ones  system.  The  attitude  control  system  function* 

explain  principles  of  different  guidance  systems,  to  maintain  the  missile  in  the  desired  attitude 
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on  The  ordered  flight  path  by  controlling  the  These  names  refer  to  different  parts  of  the 

missile-  in  pitch,  roll,  ana  yaw,  The  attitude  flight  path*  The  boast  phase  may  also  be  called 

control  system  operate s as an  autopilot,  damping  the  launching  or  initial  phase* 

out  fluctuations  that  tend  to  deflect  the  missile 
from  its  ordered  flight  path*  The  function  of 
the  path  control  system  is  to  determine  the 
flight  path  necessary  for  target  interception  and 

to  generate  the  orders  to  the  attitude  control  Navy  surface-to-air  missiles  are  boosted  to 
system  to  maintain  that  path*  flight  speed  by  means  of  the  booster  component, 

Thus*  the  missile  guidance  system  is  es-  This  boosted  period  lasts  from  the  time  ti$ 

senttally  a  weapon  control  system*  inherently  miasile  leaves  the  Launcher  until  the  booster 

associated  with  the  weapon  direction  phase*  burns  up  its  fuel*  In  missiles  with  separate 

Although  guidance  and  control  systems  have  boosters*  the  booster  drops  away  from  the 

distinct  function s,  they  must  operate  together*  missile  (fig*  6 -I)  at  burnout*  Discarding  the 

The  guidance  system  detects  and  tracks  the  burnt  out  booster  shell  reduces  the  weight  car- 
target,  determines  the  desired  course  to  the  ned  by  the  missile  and  enables  the  missile  to 

target,  and  produces  the  electrical  steering  travel  farther, 

signals  that  indicate  the  portion  of  the  missile  The  problems  of  the  initial  phase  and  the 
with  respect  to  the  required  path]  the  control  methods  of  solving  them  vary  for  different  mi  a- 

system  responds  to  the  signals  to  keep  the  siles  and  their  means  of  projection*  However, 

missile  on  course*  the  basic  purposes  are  the  same.  The  boost 

phase  must  get  the  missile  off  to  a  good  start 

Or  it  will  not  hit  the  target*  The  launcher. 

1  can  be  holding  the  missile,  is  aimed  in  a  specific 

ane.  As  direction  On  Orders  from  the  fire  control  COm- 

ield,  the  puter.  This  establishes  the  line  of  sight 

e  target,  [trajectory  or  flight  pathj  along  which  the  mis¬ 
sy  stem  sile  must  fly  during  the  boosted  portion  of  its 

away  or  flight.  At  the  end  of  the  boost  period  the  rais- 

ams  can  gile  must  be  at  the  calculated  point, 

naarpti^  There  are  several  reasons  why  the  boost 
able  for  P*113*  is  important,  If  the  missile  is  a  homing 

*  missile,  it  must  “look'1  in  the  predetermined 

missile"  direction  toward  the  target*  The  fire  control 

,  ■  computer  'On  the  Ship*  Or  plane,  Or  ground 

or  The  station)  calculates  tills?  predicted  target  position 

'  on  the  basis  of  where  the  missile  should  be  at 

^  ™ ^  the  end  of  the  boost  period*  Before  launch,  this 

" -  S1*  information  is  fed  into  the  missile. 

ypes  of 

When  a  beam- riding  missile  reaches  the  end 
control  of  its  boosted  period,  it  must  be  in  a  position 

r  servo  where  it  can  be  captured  by  the  radar  guidance 

Tractive  beam.  If  the  missile  does  not  fly  along  the 

surfaces  prescribed  launching  trajectory  as  accurately 

control  as  possible^  it  will  not  be  in  position  to  be 

faces  to  captured  by  the  radar  guidance  beam  to  continue 
nd  yaw,  its  flight  to  the  target*  The  boost  phase  guidance 


INITIAL  BOOST)  PHASE 


BASIC  PRINCIPLES 


Guidance  and  s tab il i aation  are  two  separate  system  keeps  the  missile  heading  exactly  as  it 


processes  although  they  occur  simultaneously*  wna  at  launch. 

During  the  boost  phase,  in  some  missiles 
PHASES  OF  GUIDANCE  [fig,  6“1),  the  missile's  guidance  system  and  the 

aerodynamic  surfaces  are  locked  in  position* 

Missile  guidance  is  generally  divided  into  Some  missiles  (for  example,  Talos)  are  guided 

three  phases —boost,  mid  course,  and  terminal*  during:  the  boost  phase. 
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TERMINAL 
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SURNlCUT 


J 


fiQDST 
(GUI  DEO) 


# 


M.Doouase 
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T  E  S*1: IN4  l 


Talqs 


Fig llt t?  6 - 1 .  —  Guidance  phases  of  missile  flight 


83. 18 


MIDCOUfiSE  PHASE 


time.  During  this  part  of  the  flight,  changes 
may  be  required  to  bring  the  missile  onto  the 

certain  that  H 


The  second,  or  midcourse  phase  of  gutd-  desired  course,  and  to 
ance  is  often  the  longest  in  both  distance  and  stays  on  that  course,  During  this  guidance 
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phase i  information  can  be  supplied  to  the  mis-  into  usable  form,  and  activate  a  control  se» 

sale?  by  any  of  several  means.  In  most  cases ,  quency  that  will  move  the  flight  control  sm- 

the  midcuurse  guidance  system  is  used  to  faces  (or  other  control  forms)  on  the  missis, 

place  the  missile  near  the  target,  where  the  it  is  difficult  to  separate  the  control 

system  to  be  used  in  the  final  phase  of  gultl-  guidance  operations*  However,  the  flight  too- 

ance  can  take  over.  But,  in  some  eases,  the  trol  section  is  concerned  with  flight  stability, 

midcourse  guidanc  e  system  is  used  for  both  Missile  accuracy  is  primarily  a  function  Of 


the  second  and  third  guidance  phases. 


guidance  section.  Missile  reliability  depend;) 

on  both  sections.  We  will  litt  the  component 


T  Eli  MINA  L  PHASE 


and  brief] v 


the-  basic  function,  of  eacSi 


before  going  into  the  individual  types  of  guid¬ 
ance  systems.  The  components  of  the  control 


The  terminal  phase  1$  o :  great  importance  system  were  described  in  chapter  5 


because  it  can  mean  a  hii  ora  miss*  The  last 

phase  of  missile  guidance  must  have  high  ac¬ 
curacy  as  well  a 5  fast  response  to  guidance 

signals. 

Near  the  end  of  the  flight,  the  missile  may 


SENSORS 


In  some  respects,  the  sensor  unit  is  the 
lack  the  power  necessary  to  make  the  sharp  most  important  section  of  the  guidance  system 

turns  that  are  required  to  overtake  and  score  because  it  detects  the  form  of  energy  being 

a  hit  on  a  last-moving  target.  In  order  to  cie-  used  to  guide  the  missile.  If  the  sensor  unit 

li 

crease  the  possibility  of  misses,  special  sys-  fails,  there  can  be  no  guidance. 


terns  are  u 


These  systems  will  be  de¬ 


scribed  in  the  following  chapters. 

In  some  missiles,  espe 


The  kind  of  sensor  that  is  used  will  be  de¬ 
termined  by  such  factors  as  maximum  op  ^rat- 
short- range  ing  range*  operating  conditions,  the  kind  of 

missiles*  a  single  guidance  system  may  be  information  needed,  the  accuracy  required, 
used  for  all  three  phases  of  guidance.  Other  viewing  angle  and  weight  and  size  of  the  sen- 
mis  silos  may  have  a  different  guidance  system  sor,  and  the  type  of  target  and  its  speed. 


for  each  phase 


COy  JPOXE  NTS  O  F  GU  IDA  NO  E  S  Y  ST  E  M  S 


SensOrS  used,  in  the  control  system  were 
described  in  chapter  5,  and  included  gyros, 
picko ff  systems,  altimeters,  and  air-speed 
transducers. 

Guidance  sensors  depend  on  some  form  of 


The  units  of  the  guidance  system  may  be  electromagnetic  radiation,  which  include b  the 

located  in  the  missile  (active  and  passive  entire  range  of  propagations  by  electric  and 

homing,  inertial),  or  they  may  be  distributed  magnetic  fields.  The  range  includes  gamma 

between  the  ship  and  the  missile  beam-riding  rays,  X-rays,  ultraviolet  rays,  infrared  rays, 


and  semia  Clive  homing). 


radar*  and  radio  rays 


Missiles  use  light, 


G E NEE AL  RE QUU l E MEN TS 


Of 


A  missile  guidance  system  involves  a  means 

the  position  of  the  missile  in 


infrared*  radar,  and  radio  rays. 

All  radiation?  may  be  considered  as  a 
method  of  transmission  of  energy.  All  elec¬ 
tromagnetic  radiations  propagate  through  space 

at 

3  x 


the  speed  of  light,  which  is  approximately 
ID10  centimeters  per  second  (cm/ sec)*  or 
ion  to  known  points.  The  system  may  TS-6,300  miles  per  second,  in  other  materials, 

obtain  the  required  information  from  the  niis- 

&1U  itself;  it  may  use  Information  transmitted 
from  the  launching  station  or  other  control  tliat  can  detect  the  presence  ol  electromagnetic 

point;  or  it  may  obtain  Information  from  the  radiations,  several  different  types  of  guidance 

target  itself.  Thr-  guidance  system  must  be  methods  have  been  developed.  The  devices  in 


such  as  glass  or  water,  the  speed  is 

B;,  including  devices  within  a  guided  missile 


Stable*  accurate,  and  reliable. 


the  missile  that  detect  the  electromagnetic 


In  order  to  achieve  these  basic  require-  radiations  come  under  the  general  heading  of 

merits,  the  guidance  system  must  contain  com-  sensors.  Following  are-  brief  descriptions  of 

pnnents  that  will  pick  up  guidance  information  several  types  of  such  sensors.  The  advantages 

from  some  source,  convert  the  information  and  disadvantages  of  each  will  be  covered  in 
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the  discussions  of  the  .guidance  system  In  which 
each  is  used,  although  some  win  be  mentioned 
here* 

Light-Sensitive  Sensors 

At  about  the  end  of  the  19  th  century,  Hertz 
discovered  chat  electrons  were  ejected  from 
certain  metallic  surface*  when  shese  surfaces 
were  exposed  to  light.  From  this  discovery 
emerged  the  photoelectric  cell*  The  photo¬ 
electric  cel!  shown  In  figure  6-2  represents  a 
practical  light  sensor  for  missile  guidance. 
The  cell  is  composed  if  a  Light- sensitive  cathode 
and  an  anode*  These  two  elements  are  covered 
with  a  clear  glass  bulb*  The  unit  is  about  the 
size  of  the  average  radio  tube*  As  light  waves 
impinge  on  the  surface  of  the  cathode,  the 
cathode  emits  electrons*  These  electrons  are 
collected  on  the  anode,  resulting  in  a  current 

flaw  through  the  circuit.  By  installing  appro¬ 
priate  pickoffs  which  detect  the  direction  of  a 
light  source,  a  missile  may  be  made  to  home 
for  guide)  itself  toward  a  light- emitting  target, 

such  as  a  factory  P  city,  aircraft,  or  enemy 
ship.  Modern  photoelectric  cells  are  quite 
sensitive  to  light  variations,  but,  because  light 
is  easily  interrupted,  the  system  is  subject  to 
interference. 

Another  device  which  may  be  thought  of  as 
a  light  sensor  is  a  television  camera,  installa¬ 
tion  of  a  television  camera  and  transmitter  in 
a  missile  provides  a  means  of  guidance  based 
On  a  continuous  picture  of  the  target  which  is 
relayed  to  a  remote  control  point. 

There  are  several  very  serious  disadvan¬ 
tages  associated  with  the  light- seeking  sensor 


33*69 

Figure  6-2*— A  photoelectric  cell* 


devices.  The  first  and  most  important  is  that 
the  target  must  be  optically  visible.  If  the 
target  is  obscured  by  clouds,  rain,  snow,  etc*, 
the  light-seeking  sensors  will  be  ineffective. 
The  fact  that  light  sensors  cannot  discriminate 
between  light  sources  with  any  degree  Of  Cer¬ 
tainty  is  also-  a  handicap.  A  disadvantage  of 
television  as  a  guidance  device  is  the  fact  that 
television  is  technically  complicated.  Further¬ 
more,  television  equipment  places  large  apace 
and  weight  requirements  on  a  missile*  Another 

serious  disadvantage  of  the  tight -seeking  sen¬ 
sors  is  that  they  can  be  jammed  with  relative 
ease*  For  example,  if  the  lights  in  the  target 
(ship,  plane)  were  turned  off,  the  missile  would 
be  unable  to  reach  the  target*  Tn  view  of  these 
disadvantages,  light- seeking  sensors  are  not 
presently  used  in  guided  missiles  which  depend 
on  the  target  for  a  source  of  light.  They  are 
used  in  the  celestial  guidance  method*  however, 
which  Will  be  discussed  later. 


Infrared  (Heat)  Sensors 


The  infrared  portion  if  the  electromagnetic 
spectrum  offers  another  means  of  missile 
guidance*  All  objects  on  earth  radiate  some 
heat  energy  in  the  form  of  electromagnetic 
waves.  Devices  which  can  sense  this  radiated 
heat  energy  are  installed  in  some  guided  mis¬ 
siles  to  enable  them  to  home  on  targets  which 
radiate  significant  amounts  of  heat. 

Actually,  the  principle  involved  is  not  unlike 
that  of  the  photoelectric  cell  just  described* 
The  invisible  infrared  radiation  causes  certain 
substances  to  produce  an  electron  flow  in  the 
same  manner  as  does  visible  light.  By  care¬ 
fully  controlling  the  sensitivity  of  infrared 
seekers  (sensors.)  they  may  be  used  very  suc¬ 
cessfully  in  missile  guidance.  Control  of  sen¬ 
sitivity  is  extremely  important  since  the 
heat -seeking  missile  must  be  able  to  discrimi¬ 
nate  between  the  target  and  background  sources 
of  heat  radiation. 

Heat,  or  infrared  sensors  use  an  active  ele¬ 
ment  called  a  THERMOCOUPLE  or  an  element 


knowni  as 


BOLOMETER,  Either  sensor  mav 


be  used  with  a  lens  and  reflector  system* 

Missiles  which  depend  on  detection  of  in¬ 
frared  radiations  are  very  suitable  for  use 
against  air  targets.  The  propulsion  systems  of 
missile  a  and  conventional  aircraft  radiate  tre¬ 
mendous  a  mount  g  of  heat  in  comparison  with 

background  radiation.  The  fact  that  these 
sources  of  heat  radiation  cannot  he  turned  off 
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gives  infrared  guidance  a  distinct  advantage  Radar  Sensors  V 

over  the  "visible  light  sensors*  In  addition  to  I 

use  against,  air  targets  (fig,  6-3},  the  infrared  Shortly  after  World  War  U  began,  a  detection 
method  is  adaptable  to  effective  use  against  system  known  as  RADAR  [RAdio  Detection  And 

industrial  areas  and  military  installations,  in  Ranging),  was  developed.  It  was  used  with  great! 

the  latter  application,  however,  it  is  possible  to  success  in  piloting  and  target  d election,  during ; 

decoy  a  heat-seeking  missile  by  srarting  fires  and  aft  er  World  War  II,  and  more  recently  has 

at  some  distance  from  the  target.  come  to  provide  one  oi  the  most  important 

means  of  missile  guidance.  I 

Radio  Sensors  As  will  be  shown  later,  certain  missiles  art 

guided  on  the  basis  of  radar  energy  transmitted 
Although  radio  receivers  are  not  commonly  from  control  points  and  detected  by  receivers 

thought  of  as  sensors,  they  actually  perform  the  within  the  missile.  Other  types  of  missiles 

same  basic  function  as  any  sensor— chat  is,  they  detect  reflected  radar  energy  from  a  target, 

serve  as  energy  detectors.  Radio  provided  the  and  use  this  energy  as  a  basis  for  generating 

first  method  of  controlling  model  aircraft  and  guidance  (steering)  signals,  j 

target  drones.  A  radio- cons  rolled  model  air¬ 
plane  was  first  flown  successfully  in  1935.  Acoustic  Sensors 
The  principle  of  controlling  a  missile  or  air- 

craft  in  flight  by  radio  is  very  easy  to  under*  Listening  as  a  means  of  target  detection  Is 

stand,  By  installing  a  radio  receiver  in  the  used  chiefly  by  submarines.  Surface  ships  at 

missile  and  a  radio  transmitter  at  a  remote  high  speed  produce  considerable  noise.  'This 

control  point  t  we  have  established  the  necessary  interferes  with  their  detection  of  the  sounds 

electromagnetic  link  between  the  control  point  made  by  ether  ships,  especially  the  low  f«- 

and  the  missile.  By  observing  the  missile's  queney  sounds  of  submarines.  On  the  other 

flight  either  optically  or  by  radar,  the  control  hand,  this  difference  in  noise  output  enables  a 

point  determines  what  changes  are  desired  in  submarine  to  detect  a  surface  ship  rather 

the  missile  flight  path.  The  transmitter  is  then  easily, 

keyed  in  a  manner  representative  of  the  desired  Acoustics  or  sound  detection  systems  worg 

change.  The  signal  travels  to  the  receiver  in  used  in  earlier  days  for  the  detection  and 

the  missile  and  is  subsequently  converted  into  tracking  of  aircraft.  These  systems  used 

control  surface  movement,  Although  commonly  large  horn  microphones,  manually  operated,  to 

used  in  control  of  drone  aircraft,  radio  control  detect  approaching  aircraft.  Other  devices, 

is  little  used  m  present  day  guided  missiles  due  called  hydrophones,  have  been  used  by  the 

to  the  advantages  of  radar  in  high  speed  missile  Navy  to  determine  the  presence  and  position 


T  A  RG  E  T 
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RADIATIONS 


6-3,— Missile  using  infrared 


method 
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aerophone  that  works  underwater,  sensing 
vibrations  given  off  by  under  water  target  a. 


REFERENCE  UNITS 


The  preceding  chapter  discussed  reference 

units  used  in  the  control  system  o t  the  mis¬ 
sile,  A  quick  review  follows, 

The  signal  a  picked  up  by  the-  senso:-  must 

be  compared  with  known  physical  references 

such  sia  voltage,  lime,  space,  gravity *  the 

earth's  magnetic  field,  barometric  pressure, 
and  the  position  of  the  missile  frame.  The 

sensor  signal  and  the  reference  signal  are 

compared  by  a  computer,  which  will  generate 
an  error  signal  if  a  course  correction  is  nec- 

eisary*  The  error  signal  then  operates  the 

mi&stie  control  system. 

Gyroscopes  are  used  for  space  reference* 

A  reference  plan  is  established  m  space,  and 
the  gyro  senses  any  change  from  that  reference. 

The  earth's  gravity  can  be  used  as  a  refer- 


ehce;  a  pendulum  can  sense  the  direction  of  the 
gravitational  force,  Some  gyros  are  arranged 

far  vertical  reference  by  a  pendulous  piekafi 

and  erection  system.  Gyros  used  in  this  man¬ 
ner  are  called  vertical  gyros;  they  may  be 

used  to  control  the  pitch  and  roll  of  the  missile* 
An  instrument  called  a  FLUX  VALVE  hat? 
the  ability  to  sense  the  earth’s,  magnetic  field, 

and  can  be  used  for  guidance.  The  primary 
purpose  of  this  device  is  to  keep  a  directional 


gyro  on  a  given  magnetic 


A  gyro 


operated  in  this  manner  may  be  used  to  govern 
the  yaw  controls  of  a  mis  ail  e. 

B&ro  metric  pressure  can  be  used  to  deter - 
ine  altitude,  A  guided  missile  that  is  set  to 
travel  at  a  predetermined  altitude  may  use  an 
altimeter  to  sense  barometric  pressure. 


Should  the  missile 


from  the 


altitude*  an  error  signal  will  be  generated  and 
led  to  the  control  section. 

Another  pressure  type  sensor  is  used  to 

determine  airspeed.  It  compares  static  baro¬ 
metric  air  pressure  with  ram  air  pressure. 

The  difference  between  these  two  pressures 


provides  an  air  speed  indication. 

The  axis  of  the  missile  frame  is  used  as  a 

reference  to  measure  the  displacement  of  the 

missile  control  surfaces.  (The  movement  o: 

the  control  surfaces  cannot  be  referenced  to 
the  vertical,  or  to  a  given  heading,  because 

the  reference  would  change  when  the  missile 
position  changes*) 


Selsyns  (synchro  piekoffs)  may  be  used  to 
indicate  the  angular  position  jf  Lie  flight  con¬ 


trol  stir  faces  with  respect  to  the  missile  axis. 
It  is  also  nossible  to  use  potentiometers 

When 


(variable  resistors)  for 


purpose 


mis  method  is  used,  the  potentiometer  is 

fastened  to  the  missile  frame  and  the  poten¬ 
tiometer  wiper- arm  shaft  is  moved  by  the 

control  surface. 


AMPLIFIERS 


The  Subject  Of  amplifiers  was  introduced 
in  the  preceding  chapter.  There  are  many 
variations  in  each  of  the  three  types  of  ampli- 

named“  vacuum  tube,  transistor,  and 


fiera 


magnetic. 


Vacuum-Tube  Amplifiers 


Vacuum-tube  amplifiers  nay  be  classified 

according  to  the  method  Of  coupling  used 


r  es  ista  nc  e-  c  on  pied 


? 


t  mpedance-. 


transformer-,  or  direct -coupled.  They  may  be 
tuned,  untuned,  broad -band,  or  narrow-band 


amplifiers. 


type  amplifiers  may  use 


triodes,  tetrodes,  pentodes,  or  beam  power 

tubes*  According  to  their  application,,  they  may 
be  audio- frequency  (a-f),  radio- frequency  (r-f), 
or  inter  mediate- frequency  t-f)  amplifiers* 

receivers  commonly  use  30  me  to  60  me 
i-f  amplifiers,  A  discussion  of  electron  tube 

theory  may  be  found  in  Basic  Electronics. 

NavPers  10087- A. 

Vacuum  tube  amplifiers  are  often  used  as 


voltage  amplifiers’. 


missile  applications 


require  an  amplifier  whose  output  is  not  only- 

greater  than  the  Input,  but  also  proportional 

se  the  input  is  1  volt  and 


to  the  input, 
the  output  1&  volts, 
volts  the  output  must  be  45  volts* 


Then, 


the  input  is  3 

Most 


electronic  amplifiers  are  based  on  vacuum  tubes . 

In  arty  vacuum-tube  amplifier  circuit,,  the 
fundamental  operation  is  the  use  o£  grid  voltage 


to  control 


flow  of  plate  Current. 


The 


plate -cur  rent  change  is  utilized  in  various 

ways,  giving  rise  to  several  standard  classifica¬ 
tions  of  voltage  amplifiers.  One  type  is  a 

re  si  stance- Coupled  circuit.  With  the  proper 
choice  of  circuit  components,  the  voltage  on 

the  second  grid  can  be  many  times  that  im¬ 
pressed  on  the  first  grid.  Pentode  tubes  are 
normally  used  for  re  si  stance- coupled  amplifiers 
because  of  their  higher  gain. 
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Another  type  of  amplifier  is  transformer- 

coupled,  and  uses  the  current  change  in  the 
plate  circuit.  Because  they  pve  wider  fre¬ 
quency  range  with  transformers  than  other 
types  of  tubes,  triodes  are  normally  used  for 
auch  circuits, 

A  third  type  of  amplifier,  rarely  used*  is 

impedance  coupled;  it  a  output  voltage  appears 

across  a  choke  or  impedance  coil. 

In  many  applications  it  if  necessary  to  get 
power  from  ail  amplifier,  so  at  least  the  final 

stage  is  adjusted  to  give  power  ratr.er  than  a 

voltage  output.  The  Tubes  used  are  somewhat 

larger  as  a  rule  than  those  of  voltage  circuits, 

and  are  specially  designed  for  larS'e  current 

outputs. 

Transistors 


The  advent  of  the  transistor  in  the  field  of 
electronics  has  as  much  significance  and  im¬ 
portance  as  the  development  of  the  vacuum 
tube  in  the  early  days  of  radio.  The  transistor 
proves  that  amplification,  accomplished  before 

mainly  by  vacuum  tubes,  can  take  place  in  a 


solid. 


This  device  has  opened  a  new  field  of 


experiment  and  study  In  "sol Id- state1”  physics* 
Two  scientists,  John  Bardeen  and  W.  H* 

Bffittgn,  working  under  William  Shockley  of 

Bell  Telephone  Laboratories,  developed  the 

transistor  ;pr int- contart  type)  in  I94ii,  l,,iter 
:'1949),  Bell  Telephone  Laboratories  announced 
that  William  Shockley  had  developed  a  junction 
transistor*  Since  then,  transistors  have  been 
developed  into  practical  and  dependable  elec¬ 
tronic  devices  and  the  field  of  elect  rentes  has 

rapidly  expanded  the  use  01  these  ' 1  solid- state" 

devices. 

The  term  transistor  is  coined  from  "TUANS- 
ter”  and  "reslSTOH.*'  Transistors  are  lighter, 

smaller,,  longer  lived,  more  rugged,  more  ef¬ 
ficient,  and  potentially  less  costly  than  most 
vacuum  tubes.  Furthermore,  they  require  no 

filament,  power,  they  draw  comparatively  small 
currents  in  operation,  and  they  generate  neg¬ 
ligible  amounts  of  heat.  Another  advantage  is  that 
the  transistor  is  ready  to  operate  instantly  at 
the  application  of  operating  voltage  because  the 

transistor  does  not  require  preheating,  and  con¬ 
sumed  no  standby  power . 

Because  the  transistor  is  a  solid,  it  can  with¬ 
stand  the  force  of  acceleration  and  decelera¬ 
tion  many  times  that  of  the  force  of  gravity* 
Many  new  circuit  idess  have  been  developed 
from  the  use  of  the  transistor,  but  its.  full 


capabilities  are  not  yet  realized.  At  the  present 


time  there  are  many  types  oi  transistors  ll 


use,  and  many  more  are  bet  tig  developed. 


Some  Of  the  transistors  that  are  in  use  are 


the  point  intact,  junction,  drift,  tetrode,  uni- 


unction  dynistnr,  and  surface  b  irrier,  Each  bag 


its  own  unique  characteristics,  advantages,  and 


areas  of  application.  The  junction  transistor  is 


the  most  commonly  used. 


A  serious  problem  with  transistors  is  that  oi 


unreliability  at  high  temperatures.  The  use  of 


feedback  circuits  tends  to  stabilize  the  collector 


current  with  respect  to  temperature.  Also,  they 


a  re  ineffective  at  the  extremely  high  frequencies 


present  in  many  vacuum  tube  circuits,  HdweVer, 


tills  problem  has  been  largely  overcome  in 


transistor  applications  in  missiles. 


Some 


modern  missiles  are  completely  transistorized. 


The  operation  of  transistor  depends  upon  t lit 


electrical  properties  of  a  class  of  substances 


known  .is  semiconductors.  A  semiconductor  is  a 


solid  material  that  has  greater  conductivity 


than  an  insulator  and  less  conductivity  than  a 

C  0 Tvd  ’J  C £  I*  ll  /■  awHvi  a#  ahh  b  na  n/im*. 


Some  semiconductors  are  corn- 


antinionide,  gallium  arsenide,  and  silicon  cur¬ 


st!  eh  j.s  germanium  and  silicon.  The  most  com¬ 


mon  semiconductors  in  use  at  present  for  tran¬ 


sistors  are  germanium  and  silicon  to  which 


certain  impurities  have  been  added,  in  minute 


quantities  o?  specific  materials. 


Transistors  are  generally  connected  m  one  of 


three  basin  circuits,  'T  hese  configurations  are: 


c  o  mn  10  n-bus  c  amp  1  if  ter  ,  common-  emitter  am¬ 


plifier,  and  common- collector  amplifier*  The 


pounds,  such  as  copper  oxide,  zinc  oxide,  indium 


bide,  while  other  semiconductors  are  elements. 


term  "grounded”  is  sometimes  used  instead  of 


the  term  1 'common”  but  the  element  said  to  be 


grounded  is  really  common  to  both  the  inpui  and 


output  circuits  and  is  not  necessarily  gounded. 


The  common -collector  circuit  is  rarely  used 


Transistors  may  be  combined  with  sources 

of  power  and  passive  elements  (resistors,  in¬ 
ductors,  and  capacitors)  to  form  transistor 
circuits  of  many  forms  which  are  used  for  gen¬ 
eration,  amplification,  shaping,  and  control  of 
electrical  signals.  Many  transistor  circuits  are 

similar  to  vacuum  tube  arrangements,  but  much 

more  is  involved  than  merely  replacing  the  elec¬ 
tron  tube  with  a  transistor. 

For  information  on  atomic  structure  and 
valence  bonds  In  transistor  materials,  types  and 
combinations  of  materials,  operations  of  cir¬ 
cuits.,  uses  of  transistors  as  audio  amplifiers, 
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cascade  amplifiers,  dtod-eg,  tricdes,  and  oscil¬ 
lators,  see Ba sic  El ectr onica .  NavPers  1008 7- A* 
For  a  less  comprehensive  coverage,  see  In¬ 
troduction  to  Electronics,  NavPers  10084;  it 
describes  the  principles  Of  operation  of  tran¬ 
sistors* 


Magnetic  Amplifiers 


Magnetic  amplifiers  a  re  not  new  device h  by 
any  means,  having  been  reported  in  use  over 
fifty  years  ago,  A  magnetic  amplifier  is  es¬ 
sentially  a  device  which  controls  the  a-c  re¬ 
actance  of  a  coil  by  utilizing  a  d-c  signal  to 

modify  the  permeability  of  the  magnetic  material 

upon  which  the  coil  is  wound. 

In  the  early  stages  of  development  this  basic 
idea  was  incorporated  into  devices,  usually 
designated  as  saturable  reactors,  and  used  to 
control  large  electrical  loads  such  as  theatrical 

lighting  and  electric  furnaces,  However,  the  use 
of  the  SATURABLE  REACTOR,  the  heart  Of  the 
magnetic  amplifier,  was  limited  in  its  ability  to 

control  the  load  until  the  recent  development  of 
Improved  magnetic  materials  and  efficient 
metallic  rectifiers.  The  utilization  of  these  im¬ 
proved  materials  resulted  in  the  use  of  the 
saturable  reactor  in  more  elaborate  circuits 
anti  led  to  the  distinguishing  term  MAGNETIC 
amplifier. 

Many  different  trade  name  devices,  such  as 

self- saturating  magnetic  amplifiers,  Magamps, 

Transactor  a and  Amplistats,  have  been  used 

to  identify  the  more  elaborate  saturable  reactor 
circuits. 

The  advantages  of  the  magnetic  amplifier  are 
based  principally  on  the  fact  that  it  is  a  com- 

static  device.  With  the  exception  of  the 
rectifiers  used,  its  mechanical  construction  is 
comparable  to  that  of  an  iron- core  transformer.. 

There  are  no  contacts,  moving  parts,  filaments, 
or  other  features  which  account  for  most  of  the 
failures  associated  wit  bother  types  of  amplifier® 
except  for  those  using  transistors].  The  need 
[or  frequent  inspection  and  maintenance  is  cut 
to  a  minimum.  The  life  or  the  magnetic  am¬ 
plifier  is  more  or  less  indefinite,  and  it  is 
especially  suited  for  shipboard  installation 
where  there  are  adverse  operating  conditions 
such  as  vibration  and  shock.. 

In  order  to  understand  the  theory  of  magnetic 
amplifiers,  it  is  necessary  that  you  possess  a 
fen  owl  edge  of  magnetism  and  magnetic  circuits. 
This  information  may  be  found  in  the  Navy  Train¬ 
ing  Course  Basie  Electricity fNavPer®  10086- A. 


COMPUTERS 


A  computer  is  necessary  in  missile  guidance 
systems  ir.  order  to  calculate  course  cor¬ 


rection  3  rapidly.  In  one  type  of  missile  the  com¬ 
puter  is  simply  a  mixing  circuit,  On  the  other 
hand,  the  computers  used  at  launching  Sites  may 
be  large  consoles  performing  many  calculations* 

Computers  have  been  mentioned  in  several 
planes  in  the  text,  and  chapter  3  gave  a  brief 
desc  motion  of  the  two  general  types  of  com¬ 
puters,  digital  and  analog.  Either  or  both  may 
be  used  in  missiles,  in  the  Polaris  missile, 
for  example,  the  electronics  package  is  in 
essence  an  analog  computer.  It  responds  in  a 
linear  manner  to  input  signals  from  a  variety 
of  sources,  for  example,  the  various  gyros  in 
the  missile.  The  computer  generates  commands 


.based  on  the  input  information}  which  are  fed 
to  the  flight  control  electronics  package,  where 
the  pulses  are  converted  into  signals  that  cause 
[he  flight  controls  to  maneuver  the  missile  as 


commanded.  Pitch,  roll,  and  yaw  of  the  missile 
are  controlled  by  such  commands.  The  com¬ 
mands  are  a  series  of  digital  pulses  which  arc 
converted  to  analog  information  in  the  autopilot 
and  cause  the  pitch,  roll,  or  yaw  maneuvers. 

In  an  electronic  analog  computer,  the  input 
and  output  variables  are  represented  by  volt¬ 
ages,  and  the  computations  are  performed  by 
electronic  circuits. 


Specific  Differences  Between  Analog 
and  Digital  Computers 


INPUT*— The  input  to  the  analog  computer 
is  never  an  absolute  number,  and  an  approximate 
position  on  a  continuous  scale.  Thus#  it  is  im¬ 
possible  to  set  the  potentiometer  dial  at  exactly 
75  ohms;  ?hcre  is  always  some  error,  no  matter 
how  small.  On  the  other  hand,  the  number  fed 
into  the  digital  computer  is  precisely  the  one 

desired;  no  more,  no  less* 

OUTPUT, —The  output  of  an  analog  computer 
is  never  an  absolute  number,  but  an  approximate 
position  on  a  continuous  scale.  The  digital  com¬ 
puter,  however,  produces  a  specific  series  of 
digits  for  an  output. 

SPEED.— Most  analog  computers  will  pro¬ 
duce  an  answer  as  soon  aa  you  have  put  in  the 
problem.  This  ability  is  vital  in  mi litary  opera¬ 
tions  such  as  fire  control*  where  there  is  not 
much  time  to  compute  the  position  of  a  flying 
target, 
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A  digital  computer  does  not  work  instan* ana-  new  missile  designs  without  building  actual 

ously*  ft  produces  an  answer  some  time  after  prototype  missiles,  and  this  procedure  results 

Ole  problem  is  fed  to  it.  But  don't  think  that  in  a  considerable  saving  in  both  time  and  money*, 

this  makes  it  a  slow  machine*  The  "some  time  I 

after1’  may  be  a  few  millionths  of  a  second.  CONTROLLERS  AND  ACTUATORS 
However,  because  the  digital  computer  must  do  !L 

arithmetic,  there  is  always  a  time  la#  between  If  a  missile  wanders  off  its  proper  course, 

problem  and  solution,  this  fact  will  be  detected  by  the  sensing  mech*  , 

itllfim  previously  described*  The  computer  I 
Classification  of  Computers  within  the  guidance  system  will  evaluate  the 

information  provided  by  the  sensing  mecha- 
Computers  ma;.  also  be  classified  physically  nlsms,  determine  the  direction  and  magnitude 
and  functionally.  Physically,  computers  are  of  the  error  in  missile  course  or  position,  and 
classified  as  mechanical,  electrical*  and  elec-  produce  a  suitable  error  signal  output* 
tro mechanical  computers.  The  classification  of  At  this  point,  the  functions  of  the  guidance 
analog  computers  is  determined  by  the  type  of  and  control  systems  overlap*  The  primary 
computing  elements  used.  These  computing  purpose  of  the  control  system  is  to  correct 
elements  may  be  mechanical,  electro  mechanic  errors  in  the  attitude  of  the  missile.  The  prl- 
cal,  or  electronic.  Mechanical  elements  used  miry  purpose  of  the  guidance  system  is  to 
in  the  mathematical  processes  include  differ-  correct  errors  in  the  missile  flight  path*  Both 
enttals,  linkages,  cams,  slides,  multipliers*  types  of  error  are  corrected  tn  the  same  way' 

and  component  solvers.  Most  explanations  of  by  moving  the  missile  fl  ight- cont  rol  surfaces 

computer  basics  use  the  mechanical  type  because  or  the  Jet  controls  fjetavators,  jet  vanes)* 
it  is  easier  to  illustrate  graphically,  and  easier  Movements  are  governed  by  the  same  controllers 
to  understand*  and  actuators,  regardless  of  whether  the  error 

In  electromechanical  computers,  the  mathe-  signal  ts  developed  by  the  guidance  or  the 
matical  orocesses  are  performed  bv  using  com-  control  system. 
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moves  the  flight  control  surfaces  in  the 


If  the  error  signal  voltage  is  large,  a  large 
^flection  of  the  flight  control  surface  can 

like  plane  before  the  feedback  signal  voltage 

becomes  strong  enough  to  exactly  equal  the 
error  signal. 

As  the  missile  approaches  the  desired 
enurae,  the  error  signal  becomes  less  thnn  che 
feedback  signal,  and  the  resultant  voltage  dif¬ 
ference  reverses  polarity*  The  reversal  ir.  po¬ 
larity 

opposite  direction  until  they  are  in  neutral.  This 
action  is  smooth  and  rapid,  and  cannot  be  dupli¬ 
cated  by  systems  that  use  ON-OFF  switching* 

Followup  loops  were  described  and  illus¬ 
trated  with  block  diagrams  and  schematics  in 

chapter  5,  Figure  6-4  allows  a  block  diagram 

G-  a  servomechanism  loop  from  n  computer 

(followup  unit  is  a  colloquialism  for  servo¬ 
mechanisms),  The  error  detector  computes  a 
volt  age  proportional  to  the  error.  Tins  error 
valiage  is  damped  in  the  controller,  amplified 
by  the  amplifier,,  and  finally  supplied  to  the 

servomotor  for  it 


The  mechanical 


output  is  furnished  by  the  motor  and  drives  the 
rate  generator.  From  this  generator  a  voltage 

propo rtiona  1  t  o  th  e  Outpu  t  vel  oc  it  y  i  s  suppl i&4  to 


(.he  controller. 


being1 


modified  by  the 


computing  elements  in  the  cent  roller,  the  modi¬ 
fied  voltage  is  combined  with  the  error  voltage 

to  stabilize  operation  and  increase  the  accuracy 

of  the  servomechanism* 


TYPES  OF  GUIDANCE  SYSTEMS 


The  subject  of  missile  guidance  was  intro¬ 
duced  early  in  chapter  I,  with  a  listing  of  the 


types  of  guidance  followed  by  a  history  of  the 

development  of  guidance  systems.  The  guidance 
system  is  an  important  part  in  the  descriptions 

of  the  indlvldu:il  mi  sail  eg.  At  the  beriming 
of  this  chapter,  we  classified  missile  guidance 
systems  iutu  two  broad  categories:  missiles 
co  ntrot  led  by  m  a  rim  ad  e  e  i  e  ct  r  oma  gn  etic  de  v  ic  es , 
and  those  controlled  by  other  means. 

All  of  the  missiles  which  maintain  electro¬ 
magnetic  radiation  contact  with  manmade 
sources  may  be  subdivided  inro  two  further 
categories* 

1.  Command  guidance  missiles 

2,  Homing  guidance  missiles 

Command  guidance  missiles  are  those  which 
are  guided  qii  the  basis  of  direct  el  ecu'  o  mag  - 

netic  radiation  contact  with  friendly  control 

points.  Ho mir*£  guidance  missiles  are  (hose 

which  are  guided  on  The  basis  of  direct  electro¬ 
magnetic  radiation  contact  with  the  target. 

Command  guidance  generally  depends  on  the 


use  of  radio  or  radar  links  between  a  control 

point  and  the  missile.  By  use  of  guidance  in¬ 
formation  transmitted  from  r he  control  point 
via  a  radio  or  radar  link,  the  missile' s  flight 
path  can  be  controlled. 


RADAR  command  GUIDANCE 


Radar  command  guidance  may  be  subdivided 
into  two  separate  categories.  The  first  category 
is  simply  referred  to  as  the  command  guidance 
method*  The  second  is  the  beam- rider  method, 
which  is  actually  a  modification  of  the  first,  but 
with  the  radar  being  used  in  a  different  manner. 
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Figure  6-4* —  Complete  servomechanism  loop  block  diagram  for  a  computer. 
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RADIO  COMMAND  SYSTEMS.  Radio  has 
beets  used  as  a  guidance  I  ink  for  such  pur¬ 
poses  as  model  airplane  Hying,  steering  model 
boats  and  cars,  controlling  target  drones,  and 

even  for  maneuvering  old  battleships  during 
bombing  tests.  Therefore,  when  the  question 
of  command  guidance  for  missiles  came  up, 
radio  was  among  the  first  methods  used.  But 

otic  &  a  radio  command  system  was  developed, 

a  new  problem  arose— that  of  keeping  track  of 

the  missile  when  it  was  beyond  the  range  ol 

normal  vision.  Radar  can  locate  objects  not 

Visible  bv  ordinary  means. 


TARGET 


C  O  M  MA  ND 


Tile  term  COMMAND  is  used  to  describe  a 
guidance  method  in  which  all  guidance  instruc¬ 
tions,  or  commands,  come  from  sources  out¬ 
side  the  missile.  To  receive  the  commands, 
the  missile  contains  a  receiver  that  is  capable 

of  receiving  instructions  from  ship  or  ground 

stations  or  from  aircraft.  The  missile  re¬ 
ceiver  then  converts  these  commands  to  guid¬ 
ance  information,  which  is  fed  to  The  sections 

following  the  sensor  unit. 

In  the  command  guidance  method,  radar  is 

used  to  track  the  missile  and  the  target.  Guid¬ 
ance  signals  are  sent  to  the  missile  by  varying 
the  characteristics  of  the  missile  tracking  radar 
beam,  ot  by  the  use  of  a  separate  radio  trans¬ 
mitter.,  Figure  6-5  will  give  you  an  idea  of  how 
this  method  works  in  actual  practice.  As  soon 
as  radar  '-1  in  the  figure  is  locked  on  the  target. 

tracking  information  is  fed  to  the  computer. 
The  missile  Is  then  launched  and  is  tracked  by 

radar  #2-  Target  and  mis  Pile  ranges,  eleva¬ 
tions,.  and  bearings  are  continuously  fed  to  the 
computer.  This  information  is  continuously 
analyzed  by  the  computer,  which  determines 
the  correct  flight  path  Of  the  missile.  The 
guidance  signals  generated  by  the  computer 
arc  sent  to  the  missile  via  either  the  missile 

tracking  radar  or  a  radio  command  trans¬ 
mitter.  They  it  re  subsequently  converted  into 

correction  signals  by  the  missile  computer 

network.  The  resulting  control  surface  move¬ 
ment  causes  collision  with  the  target. 

The  radar  command  guidance  method  can 
be  used  In  ship,  air,  or  ground  missile  delivery 


COMMAND 

TRANSMITTER 


MISSILE 

TRACKER 
* 2 


target 

TRACKER 


COMPUTER 


6-5,— Command  guidance  system 


is  chat  the  characteristics  of  the  missile  track¬ 
ing  radar  beam  are  not  changed  in  the  beam- 

rider  system,  Rather  than  sending  individual 

orders  to  the  missile  via  the  tracking  beam, 
The  missile  has  been  designed  so  that  it  is  able 

to  formulate  correction  signals  on  the  basis  of 

its  position  with  respect  to  the  radar  sea  a 
axis.  Usually,  only  one  radar  is  used  in  beam- 
rider  systems.  Therefore,  this  method  lends 
itself  extremely  well  to  shipboard  use. 


A  computer  in  '.he  missile  keeps  it  centered 
in  the  radar  beam,  It  locates  the  center  of  the 

beam  and  sends  the  necessary  signals  to  the 
control  system  to  remain  in  it.  The  radar 

system  keeps  the  beam  pointed  at  the  target 
and,  if  desired,  several  missiles  may  j:ridej|1 
the  beam  simultaneously.  Figure  6-6  illus¬ 
trates  a  simple  beam- rider  guidance  system, 

a  typical  line  Of  sight  (LOS)  course.  The  ac¬ 
curacy  of  this  system  decreases  with  range 


BE  A  M-  RIDER  M  E  TH  OD 


because  the  radar  beam  spreads  out  and  it  is 

more  difficult  for  the  missile  to  remain  in  its 


The  main  difference  between  the  beam- rider 
method  and  the  radar  command  guidance  method 


center,  if  the  target  is  moving,  the  missile 

must  follow  a  continuously  changing  path t  which 
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Figure  6-6. — Simple  beam- rider  guidance  system* 


causes  ii  to  undergo  excessive  transverse 
accelerations. 

A  modified  beam- rider  system  uses  two 
radars,  a  target- tracking  radar  and  a  missile 

fuidaitci1  radar  (fig,  fi-7i.  The  target -tracking 
radar  feeds  target  data  into  j  computer,  which 

calculates  a  collision  point  at  which  the  missile 
will  intercept  the  target.  The  second  radar  is 
painted  toward  the  calculated  collision  point 
and  the  missile  follows  this  beam*  The 
modified-beam- rider  system  requires  equip- 
ment  that  is  too  large  and  complex  for  aircraft 
use,  but  is  used  an  shipboard. 


Modified  beam- rider  systems  are  similar 
to  command  guidance  systems.  In  both  sys¬ 
tems,  target  information  U  collected  and  ana¬ 
lyzed  by  suitable  devices  at  the  launching  point 
or  other  eontrr.l  point t  rather  than  by  devices 

within  th e  mi  sail  e  *  in  both  sy  stem  s ,  th e  in i s s  ile 
makes  use  of  the  guidance  signals  transmitted 
from  the  control  point. 


The  principal  difference  between  radar  com- 
mand  guidance-  and  beam- rider  guidance  is  that 
in  the  command  system  the  guidance  signals 
are  specific  commands  to  the  missile  to  "turn 
left/'  "turn  right,"  etc.  The  control  trans¬ 
mitter  of  a  beam- rider  guidance  system  trans¬ 
mits  only  Information,  not  commands.  It 
Indicates  the  direction  of  the  target  or  the 
calculated  point  of  interception.  The  guidance 


system  within  the  missile  must  interpret  the 

information  and  then  formulate  its  own  cor¬ 
rection  signals.  The  missile  is  said  to  "ride" 
the  beam  to  the  target* 


Hyperbolic  Guidance 

Another  command  guidance  method  is  the 

so-called  hyperbolic  guidance.  This  method 
was  designed  primarily  for  long-range  surface- 
to-surface  missiles.  It  depends  on  the  loran 
principle.  A  loran  system  is  a  modern  elec¬ 
tronic  aid  to  navigation  which  was  developed 
primarily  for  long-range  navigation  over  water. 
The  system  requires  at  least  two  transmitting 
stations.  These  two  stations  are  separated  by 
a  distance  of  several  hundred  miles,  and  the 
geographic  location  of  each  station  is  accurately 
pinpointed.  The  principle  of  loran  is  based  on 
the  difference  in  time  for  pulsed  radio  signals 
n  arrive-  it  a  given  point  from  these  stations. 
The  missile  makes  flight  path  corrections  on 
the  basis  of  the  time  difference  of  reception  of 
these  "Muster”  and  "Slave"  signals  emanating 
from  the  two  fixed  transmitting  stations.  Cor¬ 
rect  ions  arc  made  only  in  azimuth  by  this 
method. 

The  hyperbolic  guidance  system  has  not 
been  used  in  any  missile  and  will  therefore 
not  be  explained  in  detail. 
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Mod  iiied  bea  m  -r  id  er  g  u idanc  o 


HOMING  GUIDANCE 


Horning  guidance  systems  control  the  path 

of  the  missile  by  a  device  in  the  missile  that 

reacts  to  some  distinguishing  feature  of  the 
target.  The  homing  device,  usual  1;,  located  In 
the  nose,  detects  some  type  of  radiation  given 
off  by  the  target.  Homing  guidance  depends 

upon  the  maintenance  of  electromagnetic  radia¬ 
tion  contact  between  the  missile  and  the 


TARGET, 


Homing  guidance  methods  may  be 


divided  into  three  types: 


ACTIVE  homing. 


SEMIACTIVE  homing,  and  PASSIVE  homing 
(fig.  fl-B).  All  three  may  use  radar;  however, 


infrared  is  commonly  used  in  passive  homing 

, 1  _ 4  .  “  jfyj 

against  air  targets,  I 


ACTIVE  HOMING.— In  active  homing,  the 
missile  contains  both  a  radar  transmitter  and 

receiver*  With  the  transmitter  it  sends  signals 

to  strike  the  target.  A  nose  antenna  receives 

tht  return  sigtiai  reflected  from  the  target, 
from  t h p  Time  interval  between  the  transmitted 
and  received  pulses,  Uie  computer  calculates 
the  distance  to  the  target.  The  missile  is  abU 
to  track  the  target  and  generate  its  own  cor¬ 
rection  signals  jn  the  basis  of  the  tracking 
information. 
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describe:!  earlier  provide  means  of  passive 
homing-  Missiles  may  also  be  mado  to  home 
on  radar  or  radio  radiations  emanating  from, 
ships,  aircraft, 


etc- 


Television  is  another 


hoaxing  guidance  medium  which,  while  other¬ 
wise  suitable  for  this  purpose,  has  limited 
value  because  it  can  be  used  only  in 
and  only  when  visibility  is  good.  One  of  the 

most  common  uses  of  passive  homing  is  in 
air-to-air  missiles  which  depend  On  heat  sen¬ 
sors.  As  in  live  other  homing  methods,  the 
mis  sale  generates  its  own  correction  sign;  i  Is 
on  the  basis  of  energy  received  from  (hr 

target  rather  than  from  a  control  point. 

Homing  is  the  most  accurate  of  all  guidance 
systems  because  it  uses  tlie  target  as  its 
source  for  guidance  error  signals.  Its  superior 

accuracy  is  shown  when  used  against  moving 
targets.  There  arc  several  ways  in  which  the 
homing  device  may  control  the  path  ol  a  missile 

against  a  moving  target.  Of  these,  the  more 
generally  used  ore  PURSUIT  hominy:  and  LEAD 
homing.  These  will  be  discussed  in  the  chapter 

on  homing  guidance. 


COMPOSITE  SYSTEMS 


No  one  system  is  best  suited  for  all  phases 
o:  guidance.  It  is  logical  then  to  combine  a 
system  that  has  excellent  midcourse  guidance 
characteristics  with  a  system  that  has  excel- 

lent  terminal  guidance  c ha raei eristics  in  order 
to  increase  the  number  of  hits.  Combined  sys¬ 
tems  are  known  as  rOmpOsitefiiidanee  systems, 

or  combination  systems. 

Many  missiles  rely  on  combinations  of  the 
various  type®  of  guidance.  For  example,  one 
type  of  missile  may  ride  a.  radar  beam  until  it 
is  within  a  cerTfnn,  range  of  a  target.  At  this 

time  the  bean;-;'u!rr  guidance  may  be  terminated 
and  a  type  of  homing  guidance  commenced* 


Figure  6-8.— Homing  guidance;  A,  Active  hom-  The  homing  guidance  would  then  be  used  until 


lug;  B.  Semiactive  homing; 


impact  with  tlm  target  or  detonation  of  a 

pro^cimity >- fuj ed  warhead, 

MATRIX, — Wb en  composite  sya- 


SEMIACTIVE  HOMING  .-In  semi  active  nom¬ 
ine.  the  target  is  illuminated  by  a  tracking  tens  are  used,  components  of  each  system 

radar  at  the  launching:  site  or  other  control  must  be  carried  in  the  missile.  Obviously, 


point. 


The  missile  is  equipped  with  a  radar 


sections  must  be  separated  so  there  is  no 


receiver  ng  transmitter  ■  and,  by  means  of  the  interaction  between  them  and  yet  he  I  grated 
reflected  radar  energy  from  the  target,  formu-  close  to  the  circuits  they  are  to  control.  Jn 
lates  its  own  correction  signals  as  m  the  active  addition,  some  provision  must  be  made  to 

homing  method.  switch  from  one  guidance  system  to  the  other. 

PASSIVE  HOMING*— Passive  homing  depends  Control  of  the  missile  guidance  system 

more  than  one  source,  A 


only  on  the  target  as  a  source  of  electromap-  may  come 
netlc  radiations.  The  heat  and  light  sensors  signal  is  set  up  to  designate  when  one  phase 
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of  guidance  is  over  and  the  next  phase  begins* 

This  signal  may  come  from,  a  tape,.  an  elec¬ 
tronic  timing  device,  or  irom  a  radio  command. 
The  device  that  switches  control  systems 
is  called  a  control  matrix*  it  automatically 

transfers  the  correct  signal  to  the  control 
system  regardless  Of  conditions.  It  tile  mid- 
course  guidance  system  should  fail,  the  matrix 

switches  in  an  auxiliary  guidance  system  tc 
hold  the  missile  on  course.  Should  die  original 
midcourse  guidance  system  become  active 
again,  the  matrix  will  switch  control  from  the 
auxiliary  back  to  the  primary  system,. 

If  the  target  uses  Jamming  devices  the 
matrix  can  switch  to  another  guidance  method, 

even  in  the  terminal  phase  Of  flight, 
of  our  missiles  have  such  sophisticated  guidance 

systems. 

H  YB  RID  G  UID  A  NC  E  A  c  omb  mat  Ion  of  com¬ 
mand  guidance  and  s smi active  homing  guidance 

is  termed  hybrid  guidance.  It  achieves  many 

advantages  of  both  systems.  It  attains  long- 

range  capabilities  by  maintaining  the  tracking 

sensors  on  the  delivery  vehicle  {ship,  aircraft, 

or  Land  base  and  transmitting  the  data  to  the 

missile*  By  having  the  missile  compute  its 

own  weapon  Line  drive  orders,  the  entire 

mechanization  of  the  fire  control  problem  can 

be  simplified. 

Some  texts  call  the  beam -riding  guidance 

system  a  hybrid  system.  The  modified  beam- 

rider  system  is  similar  to  command  systems 

with  the  commands  being  used  to  position  the 

antenna  of  the  guidance  beam  rider  and  thus 
directing  the  missile  to  the  predicted  point  of 

collision.  The  missile  must  determine  its 

location  with  respect  to  the  beans  and  must 

move  to  keep  itself  in  the  center  of  the  beam. 


SELF-CONTAINED  GUIDANCE  SYSTEMS 

The  self- contained  group  consists  of  the 

guidance  systems  Lo  which  all  the  guidance  and 

control  equipment  is  entirely  within  the  missile* 

Sonic  of  the  systems  u!  this  type  are:  preset, 
TER  REST  niA  Ls  I NE  RTI AL,  "and  C  E  LE  ST  I A  L- 

NAVIGATION.  These  systems  are  most  com¬ 
monly  applicable  to  surface-to-surface  mis¬ 
siles,  and  countermeasures  are  ineffective 

against  them,  The  system  neither  transmits 
or  receives  signals  that  can  be  jammed, 

Preset  Guidance 

The  term  PRESET  completely  describes 

one  guidance  method.  When  preset  guidance 


is  used,  all  of  the  control  equipment  is  Instil  3-±1 


the  mis  Bile.  This  means  that  before  the  mis¬ 


sile  ls  launched,  all  information  relative  ts 


§i' 


m 


target  location  and  the  trajectory  the  missis  jn 


must  follow  to  strike  the  target  oust  be  calca-  ^ 


Sated.  After  this  is  done,  the  missile  guidarv  h: 


system  must  be  set  to  follow  the  course  to  liu  ^ 


target,  to  hold  the  missile  at  the  desired  altl 


tude,  to  measure  its  air  speedy  and,  at  the  g&f 


A  major  advantage  of 


is 


changed  from  that  which  has  been  preset  ai 


the  launch  point.  It  is  relatively  simple  com 


pared  to  other  types  of  guidance;  it  does  noi 


require  tracking  or  visibility. 


An 


t  e  m  wa  s 


example  of  a  preset  guidance  sys 


G  erma  n  V  -  2 ,  wh  er  e  r a  nge  and 


bearing  of  the  target  were  predetermined  and 


set  into  the  control  mechanism.  The  earlier 


mod  jf  the  Polaris  missile  was  designed  to 


use.  preset  guidance  during  the  first  pari  of  its 


flight,  hut  this  was  soon  modified  to  per 


changing  the  course  during  flight. 


The  preset  method  of  guidance  is  used 


Only  against  stationary  targets  of  large  sue 


such  as  land  masses  or  cities.  Since  the 


guidance  information  is  determined  completely 


prior  to  launch,  this  method  would,  of  course, 


not  be  suitable  for  use  against  ships,  aircraft. 


enemy  missiles,  or  moving  land  targets. 


Navigational  Guidance  Systems 


o 


w 


rect  time,  cause  the  missile  to  atari  the  ter  mi-  f 


nal  phase  of  its  flight  and  dive  on  the  target.  ^ 


c 


that  only  limited  countermeasures  can  be  used:  t 


against  it*  One  disadvantage  is  that  after  the  3 


missile  is  launched,  its  trajectory  cannot  bF  \ 


When  targets  are  located  at  £tu?at  distances 
from  the  launching  site,  some  form  of  naviga¬ 
tional  guidance  must  be  used.  Accuracy  at 

fang  distances  ts  achieved  only  after  exacting 

and  comprehensive  calculations  Of  the  flight 
path  ha v e  been  made-  The  mathematical  equa¬ 
tion  for  a  navigation  problem  of  this  type  may 

contain  factors  designed  to  control  the  move¬ 
ment  of  the  missile  about  the  three  axes— 
pitch,  roll,  and  yaw.  In  addition,  the  equation 

may  contain  factors  that  take  into  account 
acceleration  due  to  outside  forces  tail  winds, 
for  example 5  and  the  inertia  of  the  missile 
Itself*  Three  navigational  systems  that  may 

be  used  for  long-range  missile  guidance  are 

Inertial,  celestial,  and  terrestrial. 

INERTIAL  GUIDANCE, -The  simplest  prin¬ 
ciple  for  guidance  is  the  law  of  inertia,  In 
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iJi53lEi£  a  basketball  at  a  goal,  you  attempt  to 

give  the  ball  a  trajectory  that  wtl]  terminate 

In  the  basket.  In  other  words,  you  give  an 
impetus  to  the  ball  that  causes  it  to  travel  the 
p rqper  path  to  the  basket-  However,  once  yon 
have  let  the  ball  go,  you  have  no  further  con¬ 
trol  over  it.  If  you  have  not  aimed  correctly, 

or  if  the  ball  is  touched  toy  another  person,  it 

wLSl  miss  the  basket.  However,  it  is  possible 

for  (he  ball  to  be  incorrectly  aimed  and  then 

have  another  person  touch  it  to  change  its 

course  so  it  will  hit  the  basket.  In  this  case, 
the  second  player  has  provided  a  form  of  guid- 
inee*  The  inertial  guidatic#  system  supplies 
she  intermediate  push  to  get  the  missile  back 

in  Ihe  proper  trajectory. 

The  inertial  guidance  method  ts  used  for  the 
same  purpose  as  the  preset  method  and  is 
ictually  a  refinement  of  the  prose*  method.  The 
tatrtijuiy  guided  miss  He  also  receives  pro¬ 
grammed  information  prior  to  launch.  Although 
there  is  no  electromagnetic  contact  between  the 
bunching  site  and  the  missile  after  launch,  the 
nibSile  is  able  to  make  corrections  to  ds  flight 
path  with  amazing  precision  controlling  the 
flight  path  with  ACCELEROMETERS  which  are 
mounted  on  a  gyro- stabilized  platform.  All 
i n-fliglit  accelerations  an.  continuously  meas¬ 
ured  by  thus  arrangement;  and  the  missile 
generate  &  corresponding  correction  signals  to 

natataln  the  proper  trajectory,  'The  use  of 
inert ial  guidance  takes  much  of  the  guesswork 
out  of  long-range  missile  delivery.  The  un¬ 
predictable  outside  forces  working  on  the  mis¬ 
sile  are  continuously  sensed  by  the  accelerom¬ 
eters*  The  generated  solution  enables  the 
missile  to  continuously  correct  its  flight  path. 
The  martial  method  has  proved  far  more 
reliable  than  any  otlier  long-range  guidance 
method  developed  to  date* 

Inertial  guidance  is  so  accurate  that  the 
submarine  Nautilus,  on  its  first  cruise  under 

the  polar  ice  cap,  was  able  to  use  an  inertial 

navigation  system  that  was  originally  devel¬ 
oped  for  use  In  long-range  guided  missiles* 
ACCELEROMETERS. —The  heart  of  the 

inertial  navigation  system  for  ships  and  missiles 

Is  an  arrangement  of  accelerometers  which  will 

delect  any  change  in  vehicular  motion.  To 

understand  the  use  of  accelerometers  in  martial 
guidance,  let  us  first  examine  the  principle 

PI  accelerometers  in  general  terms. 


An  accelerometer,  as  Us  name  implies,  is 

a.  device  for  measuring  the  force  of  an  accel¬ 
eration,  In  their  basic  principles*  such  de¬ 
vices  are  simple.  For  example,  a  pendulum, 

free  to  swing  on  a  transverse  axis,  could  be 
used  to  measure  acceleration  along  the  fore- 
and-aft  axis  qf  the  missile.  When  the  missile 

is  given  a  forward  acceleration,  the  pendulum 

will  tend  to  Isg  aft;  the  actual  displacement  of 
the  pendulum  from  its  original  position  will  be 

a  function  of  the  magnitude  of  the  accelerating 

force.  Another  simple  device  might  consist 

of  a  weight  supported  between  two  springs. 

When  an  accelerating'  force  is  applied,  the 
weight,  will  move  from  lta  original  position  in 
a  direction  opposite  to  that  of  the  applied 
force.  The  movement  of  the  mass  (weight)  Is 
in  accordance  With  Newton's  second  law  of 
motion,  which  states  that  me  acceleration  of  a 
body  is  directly  proportional  to  the  force  ap¬ 
plied,  and  inversely  proportional  to  the  mass 

of  the  body, 

A  simple  illustration  of  ihe  principle  in¬ 
volved  in  accelerometer  operation  is  the  action 
of  the  human  body  in  an  automobile.  If  an 

acceleration!  in  a 


automobile 


is  subjected  to 


forward  direction,  you  arc  forced  backward  in 
c hr-  seat.  If  the  auto  comes  to  a  sudden  stop, 
you  are  thrown  forward.  When  the  auto  goes 
into  a  turn,,  you  tend  to  be  forced  away  from 
the  direction  of  the  turn.  The  amount  of  move- 
rn cTit  is  proportional  lo  the  force  causing  the 
acceleration.  The  direction  of  movement  in 
relation  to  the  auto  IS  Opposite  to  the  direction 

of  acceleration. 

If  the  acceleration  alon^  the  fore-and-aft 
axis  were  constant,  we  could  determine  the 

speed  of  the  missile  at  any  instant  simply  by 
multiplying  the  acceleration  by  the  elapsed 
time.  However,  the  acceleration  may  change 
considerably  over  a  ueriod  of  time.  Under 


period  of  time. 


these  conditions,  integration  is  necessary  to 
determine  the  speed* 

If  the  missile  speed  were  constant,  we 
could  calculate  the  distance  covered  simply  toy 


multiplying  speed  by  time, 


But  because  the 


acceleration  varies,  the  speed  also  varies* 
Tor  that  reason,  a  second  integration  is  nec¬ 
essary* 

The  moving  element  of  the  accelerometer 

can  be  connected  to  a  potentiometer*  or  to  a 

variable  inductor  eoreT  or  to  some  other  de¬ 
vice  capable  Of  producing  a  voltage  propor¬ 
tional  to  the  displacement  of  the  element. 
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Figure  6- 9, —Accelerometers  in  guided  missiles 


Usually  there  are  three  double- integrating 


Figure  0-10  shows  a  mass  suspended  bj 


accelerometers  continuously  measuring  the  one  spring  in  2  liquid -damped  system.  If  the 


distance  traveled  by  the  missile  in  three  ease  experiences  an  acceleration  in  the  direc- 


d  i  r  action  a—  r  ange ,  altitude  f 


a  nil 


azimuth,  tion  indicated  by  the  arrow,  the  spring  ■will 


fl-9},  Double- integrating  accelerometers  offer  a  restraining  force  proportional  to  tbs 


are  devices 


are  sensitive  to  accelera 


downward  displacement  of  the  mass. 


The 


tion,  and  by  a  double- step  process  measure  viscous  fluid  tends  to  oppose  the  movement  af 


distance »  These  measured  distances  are  then 


masflj  and  therefore  damps  its  action  and 


compared  with  the  desired  distances,  which  :.revenia  its  oscillation*  By  including  an  elec- 


are  preset  into  the  missile;  if  the  missile  is  trical  ciokoff  in  the  system,  we  can  measure 


off  course,  correction  signals  are  sent  to  the 


control  system* 


Accelerometers  are  sensitive  to  the  ac¬ 


celeration  of  gravity  a  a  well  as  missile  ac- 


ocle rations,  For  this  reason,  the  accelero¬ 


meters  which  measure  range  and  azimuth. 


distance*  mast  be  mounted  in  a  fixed  position 


With  respect  to  the  pull  of  gravity.  Tins  can 


be  done  in  a  moving  missile  by  mounting 


them  On  a  platform  which  is  stabilised  by 


gyroscopes  or  by  star -tracking  telescopes. 


This  platform,  however,  must  be  moved  as  the 


missile  passes  over  the  earth  to  keep  the 


sensitive  axis  of  each  accelerometer  in  a 


fixed  position  with  respect  to  The  pull  of  gravity. 


Tnese  requirements  cause  the  accuracy  jI  the 


inertial  avstem  to  decrease  as  the  time  of 


flight  uf  the  missile  Increases 


To  eliminate  unwanted  oscillations,  a 


DAMPER  is  included  in  the  accelerometer 


The  damping  effori  should  be  just  great 


enough  to  prevent  any  oscillations  from  oc¬ 


curring  but  still  pern: it  a  significant  displace- 


V;5C3U5 

FUUB 


me nt  of  the  mass,  When  this  condition  exist S- , 


the  movement  of  the  mass  will  be 
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proportional  to  the  accelerations  of  the  vehicle. 


figure  6-10*— Liquid -damped  system. 
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the  displacement  of  the  mass,  which  is  pro- 

port  Lanai  Co  force  and  acceleration. 

Figure  6-11  shows  a  system  which  is  elec¬ 
trically  damped.  The  mass  (m)  is  free  to 

slide  back  and  forth  in  relation  to  the  iron  core 

■i'c.)*  When  the  vehicle  experiences  an  accelera- 
t  ion,  tti  i?  volt  age  e  i ,  wti  i  eh  is  p  ropn  rt  in  na  1  to  th  e 

displacement  or  the  mass,  is  picked  off  arid 

amplified.  The?  current  i'  (still  proportional  to 

mass  displacement )  is  sene  back  to  the  coil 
around  the  core.  The  resulting  magnetic  field 

around  the  coil  creates  a  force  on  the  mass. 

which  damps  the  oscillation.  In  this  system 

the  acceleration  could  be  measured  by  the  dis¬ 
placement  of  the  mass,  by  the  voltage  la},  Or 
tv  the  current  (0* 

VARIATIONS  IN  ACCELEROMETER  DE¬ 
SIGN.— There  are  actually  many  variations  in 

accelerometer  design.  For  example,  one  type 

of  accelerometer  depends  on  a  change  of  induct¬ 
ance  between  two  electrically  evci'ed  coils. 

If  otic  coil  is  attached  to  the  mass  and  anoiher 
ts  the-  vehicle,  the  Inductance  between  them 
will  vary  due  to  their  relative  movement  brought 

about  by  vehicular  accelerations. 

Another  accelerometer  uses  wire  strain 
gauges  as  the  suspension  elements  for  the  mass. 


33.132 


Figure  6-11,— Electrically  damped 

accelerometer* 


The  st rain  gauges  form  the  arms  of  a  bridge* 
A  change  of  acceleration  causes  a  change  of  the 
electrical  resistance  of  the  circuit,  giving  an 

a-c  output  that  is  an  indication  of  the  ac¬ 
celeration. 

Still  another  type  of  accelerometer  is  the 
manometer.  In  this  type  (fig.  6-12),  accelera¬ 
tions  are  measured  by  the  electrolyte  flow 
toward  one  or  the  other  end  of  the  manometer, 

action  provides  current  control  between 
pairs  of  electrodes.  The  venturi  shown  in  the 

figure  damps  the  oscillations  of  the  manometer 
by  controlling1  rhe  electrolyte  movement. 

You  will  undoubtedly  run  acm$s  other  types 
of  accelerometers;  however,  the  basic  princi¬ 
ples  will  always  hold. 


CELESTIAL  REFERENCE.- A  celestial 
rta1-.  igation  guidance  system  is  a  system  designed 
for  a  predetermined  path  in  which  the  missile 
course  is  adjusted  continuously  by  reference  to 
fixed  stars.  The  system  is  based  on  the  known 

apparent  positions  oi  stars  or  other  celestial 

bodies  with  respect  to  a  point  on  the  surface  Of 

the  earth  at  a  given  time*  Navigation  by  fixed 

stars  :ir.d  the  sun  has  been  practiced  for  cen¬ 
turies  rind  is  very  dependable.  It  is  highly 

desirable  ior-  long-range  missiles  since  its 

accuracy  is  not  dependent  on  range*  Figure 

6*.  13  sketches  the  application  of  the  system  as 
it  might  be  used  for  a  guided  missile. 


The  missile  must  be  provided  with  a  hori¬ 
zontal  or  a  vertical  reference  to  the  earth, 
automatic  star  tracking  telescopes  tn  determine 

star  -  el  ev  at  ton  angles  with  respect  to  the  refer¬ 
ence  a  lime  base,  and  navigational  star  tables 
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Figure  6-12*— Manometer  accelerometer 

with  venturi  damper. 
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NUCLEAR  WEAPONS 


L  MJNOH 


TARGET 


Celestial 


mechanically  or  electrically  recorded,  A  com-  * 
pater  in  the  missile  continuously  compares  star  hom 
observations  with  Jhe  time  base  and  the  navlga-  turn 
tional  tables  to  determine  the  missile's  present  rate 

position,  Prom  this,  the  proper  signals  are  (in 
computed  to  steer  the  missile  correctly  toward  ind-- 
the  target,  The  missile  must  carry  all  this  The 

complicated  equipment  and  must  fly  above  the  path 

clouds  to  assure  star  visibility. 

Celestial  guidance  (also  called  stellar  guid¬ 
ance)  was  used  for  the  Mariner  (unmanned 
spa  c  ecra  ft )  inte rp la n  eta  r y  mi  ss v m  to  the  vi c  ini ty 
of  Mars  s.nd  Venus*  No  guided  missile  system 
at  present  uses  celestial  guidance, 

TERRESTRIAL  GUIDANCE  METHOD.^Var-  EARTH’S  MAGNETIC  FIELD 

lous  picture  and  map  mat  chins  guidance  methods 

have  been  suggested  and  devised*  Thu? principle  Three  characteristics  of 

is  basically  the  same  for  all.  It  involves  the  nettc  field  that  are  useful  i] 

■ 

comparison  of  a  photo  or  map  or  the  terrain  are:  (1)  lines  of  equal  u 

over  which  the  missile  is  flying  with  otjgerva-  (2)  lines  of  equal  magneti 

tiems  of  the  terrain  by  optical  or  radar  equip-  (3)  lines  ol  equal  magnet i 

ment  in  the  missile.  On  the  basis  of  the  com-  magnetic  deviation  or  declar 

pariaon  (fig,  6-14},  the  missile  is  able  to  cause  between  die  magnetic  and  1 1 

the  actual  track  to  coincide  with  the  desired  The  magnetic  inclination  o; 

track.  The  system  isT  of  course,  quite  com-  from  the  horizontal.  The  d 

plicated  and  is  usable  only  against  stations ry  horizontal  at  the  magnetic  eq 

targets  such  as  large  land  masses  and  in^us-  ai  the  magnetic  poles, 

trial  areas*  Magnetic  charts  of  the  w 

Radar  map  matching  will  be  described  in  a  which  show  the  dip,  the  int* 
later  chapter.  Zrontal  component  and  of  the  i 
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issed  briefly  as 
magnetic  field  uf 
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flux  valve  is  properly  aligned  with  the  external 

magnetic  field,  the  amplitude  of  the  second 
harmonic  voltage  will  be  proportional  to  the 

Strength  of  that  field. 

In  figure  6-1  !>A  add  B,  you  will  see  that 
the  number  of  flux  lines  set  up  by  the  earth's 
magnetic  field  will  vary  in  three  spider  legs, 

depending  on  the  heading  of  the  missile.  By 

exciting  the  core  with  an  a-c  current,  these 
flux  lines  may  be  caused  to  si  re  mate  back  and 

forth  across  rhe  piefcoff  coils.  The  induced 
current  in  each  plckoff  coil  will  then  be  pro** 
portions  1  to  the  number  oi  flux  lines  cutting 

that  coil,  the  resultant  of  the  induced  currents 
will  be  proportional  to  the  amount  of  preces¬ 
sion  of  the  gyro  away  from  the  original  mag¬ 
netic  heading,  Again,  an  amplifier  and  torque 

motor  art  used  to  exert  a  force  oil  the  gyro* 
the  force  being  equal  and  opposite  to  the  force 
of  precession* 

The  flux  valve  is  sometimes  called  a  flux 
gate  compass.  Because  of  the  physical  arrange¬ 
ment  of  the  cures,  only  one  possible  combina¬ 
tion  of  voltages  will  nxist  for  any  given  compass 

beading.  It  is  a  type  of  gy rostab  11  Iz ed  magnetic 
compass,  A  g yr ostabili z ed  magnetic  compass 
is  one  iu  which  the  magnetic  compass  element 
is  stabilized  by  a  vertical  gyro  so  that  it  meas¬ 
ures  only  the  horizontal  component  of  the  earth1* 
magnetic  field.  A  gyrOmagnetic  compass  con¬ 
sists  of  a  gyroscope  which  is  positioned  by  a 


the  total  magnetic  force,  the  north -south  com¬ 
ponent.,  the  east- west  component,  and  the  varia¬ 
tion,  The  earth's  magnetic  field  is  subject  to 

changes  in  intensity  and  direction,  and  during 
magnetic  storms  the  changes  are  unpredictable* 
Despite  all  the  possible  and  unpredictable 
variations,  magnetic  devices  have  been  used 

for  missile  guidance*  The  German  V-l  used 
£  magnetic  compass  as  part  of  its  guidance 
system.  The  magnetic  compass  controlled  the 
missile  in  asirouth  only;  its  altitude  was  con¬ 
trolled  by  a  barometric  altimeter,  and  its  range 

by  an  air  log.  This  waft  a  relatively  simple 
but  rugged  guidance  system  that  cnuld  guide 

the  missiles  to  a  selected  geographical  area 

but  could  not.  pinpoint  targets,  and  could  nut 
used  against  moving  targets. 

A  refinement  Of  the  magnetic  compass  is 
the  flux  valve.  The  flux  valve  consists  of 

primary  and  secondary  windings  on  an  iron 
core.  The  primary  is  supplied  with  a-c  oi  a 
fixed  voltage  and  frequency.  When  no  external: 
magnetic  field  is  present*  the  device  acts  as  a 

simple  transformer ;  the  frequency  Of  the  sec¬ 
ondary  voltage  is  the  same  as  that  of  the  input 
Troltage,  But  when  an  external  field  is  present, 
it  will  alternately  add  to  and  subtract  from  the 
field  generated  by  the  primary  current,  during 
successive  half-cycles.  As  a  result  a  second 
harmonic,  at  twice  the  input  frequency h  is 
superimposed  on  the  output  voltage*.  If  the 
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Figure  6  - 1 5. — Flux  valve :  Ah  Missile  heading  north;  B,  Missile  heading  east. 


magnetic  compass.  Its  function  is  to  maintain 
a  steady  directional  indication, 

DOPPLER  PRINCIPLE 

The  Doppler*  effect  is  a  change  in  the 

observed  frequency  of  sound,  light,  or  other 
waves,  caused  by  the  motion  of  the  source  or 
ol  the  observer,  A  familiar  example  is  the 
increase  or  decrease  in  sound  waves ,  as  of  a 

train  whistle.  As  the  train  approaches,  the 
pitch  (frequency)  Of  the  whistle  increases, 
and  appears  to  decrease  as  the  train  passes 
and  moves  into  the  distance*  The  effect  is 

based  on  the  fact  that  "he  listener  perceives 
as  frequency  the  number  ol  sound  waves  ar¬ 
riving  per  second.  The  acoustical  Doppler 
effect  varies  with  the  relative  motion  of  the 

listener  and  the  source,  and  the  medium  through 

which  the  sound  passes.  The  optical  Doppler 
effect  is  similar  to  the  acoustical  Doppler 
effect  in  some  ways  but  is  definitely  different 
In  three  fundamental  ways: 

1.  The  optical  frequency  change  does  not 
depend  upon  whether  it  is  the  source  or  the 
observer  that  is  moving  with  respect  to  the 
other. 


2+  An  optical  frequency  change  is  observ¬ 
able-  when  ihr  source  or  the  observer  moves 
at  right  angles  to  the  line  connecting  the  source 
and  the  observer.  (No  acoustical  change  In 

this  case.) 

3,  The  motion  of  the  medium  through  which 
the  waves  are  propagated  does  not  affect  opti¬ 
cal  frequency. 


magnetic  waves,  applied  to  radar,  gave  us  [ 
the  Doppler  radar  system  to  measure  the  I 
relative  velocity  of  the  system  and  the  target.  | 
The  operation  of  those  systems  is  based  on  I 
the  fact  that  the  Doppler  frequency  shift  til 
the  target  echo  is  proportional  to  the  radial 
component  of  the  target  velocity.  One  homing 
guidance  system  makes  use  of  floppier  prtnei-  I 
pies. 

Doppler  homing  equipment  can  be  divided 
into  two  groups— FM-CW  floppier  systems, 

and  pulse  floppier  systems.  There  are  major 
differences  in  the  circuitry  Of  the  two  systems, 

In  the  FM-CW  system,  the  frequency  of  an 
echo  signal  has  a  relationship  to  the  speed  of 
the  target  with  respect  to  the  receiving  an¬ 
tenna,  This  echo  signal  can  be  converted  into 
an  indication  of  target  velocity  with  respect  to 
the  missile. 
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The  difference  between  the  frequency  Of  the 
transmitted  signal  and  the  frequency  of  the 
echo  is  due  to  the  dopier  effect* 

This  principle  is  .'llu steal ed  in  figure  6-1 C, 
Note  that  the  received  wave  from  a  distant 

moving  object  is  shifted  both  to  the  right  and 

upward  with  respect  to  the  original  transmis¬ 
sion,  Consequently,  the  boat  frequency  will 

be  alternately  very  small  and  very  la  ran  on 

succeeding  half  cycles*  The  sum  of  the  two 

different  Values  of  beat  frequency  thus  produced 

is  3  measure  of  the  distance  of  the  missile 

iram  the  target  and  the  difference  between  the 

two  values  of  beat  frequency  is  a  measure  of 

velocity  of  the  missile  with  respect  to  the 

target. 

Thus  fr c  qu one v  -  m od ulate d  r ada  r  d  etc  r mi  n  e s 
[he  distance  to  a  reflect  lug  surface  by  measuring 

the  frequency  shift  between  transmitted  and 

reflected  waves* 

When  the  two  sip  mils  are  mixed  in  an 
electronic  circuit,  the  circuit  will  develop  a 

■'beat'1  frequency  equal  to  the  difference  between 

the  two  signal  frequencies.  The-  beat  note- 

developed  in  this  manner  will  have  a  pitch 

that  is  proportional  to  the  relative  velocity 
between  the  target  and  the  radar  antenna.  To 
? li mina I r-  the  possibility  of  homing  on  objects 
other  than  the  target,  a  band-pass  filter  which 
will  pass  only  a  narrow  band  of  frequencies) 
id  inserted  m  the  control  circuit  to  eliminate 
interfering  signals. 

A  receiver  winch  is  automatically  tuned 

over  the  frequency  range  passed  by  the  filter 

is  used  to  choose  and  lock  On  a  target.  An 
automatic  frequency  control  (AFC),  in  the 
missile  receiver,  maintains  the  receiver  on 


the  selected  target.  At  the  closest  approach 

point  to  the  target,  the  doppler  shift  becomes 
zero  because  there  is  then  no  relative  motion, 
between  the  missile  and  the  target.  The 
zero  ehiir  can  he  used  to  detonate  a  missile 

and  destroy  a  target  that  would  otherwise 

be  missed.  This  system  does  not  provide 

a  means  ol  range  measurement.  II  this  fea¬ 
ture  is  desired,  additional  circuits  are  re- 

qu  ir  ed . 

A  pulsed  doppler  system  performs  the  same 
functions  as  an  FM-CW  system  and,  in  addi¬ 
tion,  can  select  a  target  by  its  range.  Like 

other  pulsed  radar  systems,  it  has  greater 

operating  range  for  a  given  [average  power 

Output  than  a  CW  System, 


The  guidance  control  signals  are  sent  as  a 
series  of  timed  pulses*  The  receiving  system 

in  the  missile  must  contain  circuits  that  will 


match  the  transmitted  pulses  in  both  pulse 
timing  and  r-f  cycles.  The  matching  is  ac¬ 
complished  in  electronic  circuitry  known  as 

the  coherent  pulse  doppler  system.  In  this 

system  the  transmissions  are  short  pulses  at 
a  repetition  frequency  that  can  be  continuously 

varied.  Low?- intensity  power,  which  is  used  to 

obtain  phase  coherence  between  successive 

pulses,  is  generated  by  the  stabilised  local 

oscillator.  A  dup lexer  provides  low- impedance 

paths  to  keep  the  oscillator  energy  in  the  de¬ 
sired  circuits. 


The  stabilized  oscillator  also  provides  a 
suitable  local  oscillator  signal  which  is  mixed 
with  tiie  receiver  signals  to  generate  a  re¬ 
ceiver  intermediate  frequency.  The  floppier 

receiver  contains  a  type  of  filter,  called  a 


144,35 

Figure  6- IS.—  Doppler  effect  on  frequency  modulation  ? sawtooth  wave}. 
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velocity  gate*  which  filters  out  all 
doppler  frequencies. 


the  flight  path  can  be  measured  to  nullify  end 
that  a  drift  angle  creates*  j| 

The  antenna,  mounting  has  two  anteioi 

looking  down  and  forward  -at  a  slight  ar^V 
s^"  v  from  the  roll  asi.q  of  the  missile.  A  1  hi : 
antenna  looks  to  the  rear*  A  compart 
between  the  signals  from  die  two  front  antenna 

is  used  to  align  the  direction  of  the  missik 
A  comparison  between  the  forward  and  t-hu 

antenna  signals  gives  the  forward  velocity 


Velocity -Damping  Doppler  Radar 


A  Doppler  radar  used  for  velocity  damping 

of  an  inertial  system  is  somewhat  different 
from  the  homing  type  of  Doppler*  The  velocity- 
damping  Doppler  requires  antennas  to  measure 

the  forward  and  lateral  components  of  velocity. 


These  antennas  have  to  be  direction  stabilized 

no  that  the  velocities  along,  and  normal  toJ 


Drift  is  eompiitfd  from  the  angle  between  tb 

antennas’  fore  and  aft  a JJ.it  and  aircraft headin 
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COMMAND  GUIDANCE 


INTRODUCTION 


GENERAL 


of  command -guided  missiles  and  glide  bombs 
which  thev  used  with  effectiveness  in  World 

War  II. 


For  maximum  effectiveness,  the  FIRST  mis¬ 
sile  fired  at  a  target  should  strike  that  target. 
Cost,  size,  and  the  necessity  for  surprise 

prohibit  the  firing  of  ranging  shots  fas  is  den^ 
vith  gunfire). 

To  strike  the  target  on  the  first  shot,  the 

of  the  missile  must  be  aec 
controlled.  This  control  Is  necessary  because 


forces,  natural  or 

missile  to  deviate  fr>tn 


can  cause  the 
predetermined 


course.  Even  though  it  functions  perfectly,  a 
missile  without  accurate  guidance  may  miss  a 
Selected  fixed  target  by  several  miles.  Moving 
targets  can  take  evasive  action;  without  guid¬ 
ance,  the  missile  would  be  unable  to  compen¬ 
sate  for  this  action.  Therefore,  an  accurate, 
fas K  -  a  ct  i  ns-  guidance  system  ts  of  prime  im¬ 
portance. 

As  with  other  guidance  techniques,  applied, 
command  systems  vary  from  simple  to  complex. 
However,  command  systems  can  be  the  simplest 
of  all  the  techniques  considered.  Command 
Guidance  was  therefore  the  first  guidance  system 

to  be  demonstrated,  both  on  the  surface  with 
remote  control  of  boats,  tanks,  and  cars,  and 
in  the  air  with  remote  control  of  drone  aircraft 
and  glide  bombs.  Command  guidance  is  the 
most  broadly  applied  of  all  the  guidance  tech¬ 
niques  that  we  will  discuss,  it  is  used  for  con¬ 
trol  of  many  mechanisms  other  than  guided 
mi  s  sile  a. 

Current  missiles  controlled  by  command 
guidance  include  Bomarc,  Bullpup,  and 

A  review  of  the  history  of  guided  missiles 

1)  will  recall  the  names  of  early 
mis 9 Lies,  drone  aircraft,  acid  glide  bombs  that 
used  command  guidance  or  a  combination  of 
Command  guidance  and  some  other  type,  such 
as  preset*  The  Germans  had  several  Versions 


DEFINITIONS 


COMMAND  OUTDANCE  means  that  intelli¬ 
gent:/  in  the  lorm  of  commands)  is  transmitted 
from  an  outside  source  to  the  missile  while  the 

,  Missiles 


missile  is  In 


to  the 


which  use  command  guidance  are  guided  by 

radiation  from  a 


FRIENDLY  control  point. 


A 


guidance  system  incorporates 


two  links  between  the  missile  and  the  control 


point. 

One,  an  INFORMATION  LINK,  enables  the 
control  point  to  determine  the  position  of  the 
missile  relative  to  the  target;  the  other,  the 
COMMAND  LINK,  makes  it  possible  for  the 
control  point  to  correct  any  deviations  from  the 

desired  path. 


PURPOSE  AND  APPUCA  V 1  OKS 


The  purpose  of  any  guidance  system  is  to 

secure  direct  Slits  on  a  selected  target,  Per¬ 
fect  performance  is  difficult  to  Obtain  because 
of  natural  disturbances  a nd,  ia  wartime,  enemy 
countermeasures.  However ,  because  command 

guidance  makes  it  possible  to  change  the  flight 

path  of  the  missile  by  signals  from  the  control 
paint,  most  of  these  difficulties  can  to#  over¬ 
come. 


COMPONENTS 
Missile  Components 

The  command  guidance  equipment  compo¬ 
nent  a  that  are  built  into  the  missile  will  be 

determined  by  the  guidance  *y stem  being  used. 


PRINCIPLES  OF  GUIDED  MISSILES  AND  NUCLEAR  WEAPONS 


The  mast  complex  guidance  system  has  a  tele¬ 
vision  camera,  television  transmitter,  radio 
command  receiver,  and  the  tone  filter  equip¬ 
ment  built  Into  the  missile. 

A  relatively  simple  guidance  system,  so  far 
as  total  equipment  In  the  missile  is  concerned, 
is  based  on  a  radar  tran.-rmtler  that  send:* 
guidance  commands  to  the  missile  on  the 
tracking  radar  beam,,  With  this  system,  only 
a  receiver  for  the  radar  pulses  is  needed  in 
the  missile.  The  output  of  tb?  receiver  con¬ 
trols  activating1  circuits  that  function  when 

pulses  of  the  correct  amplitude  and  sequence 
are  received, 

The  most  widely  used  command  guidance 
system  uses  a  radar  tracking  unit  and  a  radio 
command  link.  The  missile  contains  a  fre¬ 
quency  modulated  (fm)  receiver  and  audiofre¬ 
quency  (af)  channel  selectors. 

Launching  Station  Components 

The  missile  course  computer,  missile 

tracking  radar,  missile  plotting  system  com¬ 
ponents,  and  the  command  transmitter  are 
located  at  or  near  the  launcher.  These,  and 
the  guidance  components  in  the  missile,  are 
discussed  later  in  this  chapter. 

OPERATION  OF  A  TYPICAL  SYSTEM 


When  command  guidance  is  used,  a  ground, 
shipboard,  or  airborne  station  determines  the 
position  of  the  missile  by  radar  tracking  equip¬ 
ment  or  other  means,  it  determines  the  error, 
if  any,  between  the  actual  position  of  the  mis¬ 
sile  and  the  desired  position.  It  then  sends  out 
control  Impulses  •'commands ■  to  bring  the  mis¬ 
sile  to  the  desired  course. 

If  the  flight  path  is  long,  and  a  large  part  of 
the  path  is  over  friendly  territory  ur  waters, 

Several  stations  might  track  the  missile  as  i: 

comes  into  their  range.  These  stations  would 

then  send  commands  to  the  missile  to  correct 

any  deviations  from  the  desired  course. 

A  typical  command  guidance  system  might  be 
used  to  control  s  surface-to-surface  missile 
fired  by  a  ship  against  a.  fixed  installation 
ashore.  The  missile,  during  the  early  part  of  its 

[light,  would  bo  tracked  by  radar  aboard  the 

firing  ship.  Because  the  geographical  location 
of  the  target  and  the  firing  ship  are  both  known, 
the  required  missile  course  oar.  be  accurately 

calculated.  Information  from  the  missile- 
tracking  radar  may  be  fed  to  a  computer,  or  it 


may  be  plotted  on  a  visual  display,  or  hot  sta 


When  the  tracking  data  Indicates  that  the  mis  ins 


^iie  has  turned  Erom  its  calculated 


commands  can  be  transmitted  to  return  it  "  me 


the  desired  course.  The  commands  to  m  ft0: 


missile  are  transmitted  by  a  radio  transmittal 


in  a  radio  command  system  and  by  a  ratfcr  tui 


transmitter  in  a  radar  command  system.  Fir  ra 


long-range  command  guidance  missiles,  eontri 

can  be  shifted  from  the  launching  ship  to  ship  if 


si 


or  aircraft  down  range. 


us 


m 


INFORMATION  LINKS 


ht 


Tor  use  of  command  guidance  requires  sc 


w 

o’ 


accurate  knowledge  of  the  missile  position,  a 


since  all  guidance  comes  from  outside  the  mid-  a 


sile.  Tills  knowledge  is  obtained  through  infor¬ 


mal  io  n 


The  accuracy  and  dependability 


of  the  information  link  determines  to  a  prea: 


C 


extent  the  overall  accuracy  of  the  complete 


system. 


The  information  link  enables  the  control  i 


point  to  determine  the  amount  of  error  existing 


between  the  actual  position  of  the  missile  and 


the  desired  position.  Once  this  is  known,  cor¬ 


rect1  ion  signals  can  be  sent  to  the  missile. 


information  links  may  use  optical  or  elec 


tronic  observation  methods. 


OPTICAL  OBSERVATION.  The  optical,  or 


.-i.su.aL  command  guidance  system  has  limited 


value,  since  the  missile  must  always  be  visible 


from  the  command  station.  Such  a  system 


might  use  the  unaided  eye,  telescopes,  or  op¬ 


tical  rangefinders.  But  these  devices  are  ns 


effective  at  long  range;  and  smoke,  fog,  clouds, 


or  darkness  make  thorn  useless.  Sonic  target 


drones  and  air- launched  missiles  still  employ 


an  optical  observation  link. 


ELEC  rROKIC  OBSERVATION.  Much  effort 


has  been  expended  to  develop  an  accurate  and  ; 


dependable  electronic  information  link.  A  num¬ 


ber  of  electronic  systems  have  been  de signed 


and  tested 


The  limits;  ions  of  each  system! 


have  been  determined,  and  continuing  efforts 


are  being  made  to  improve  the  most  promising  i 


s\  stems. 


Electronic  observation  is  accom¬ 


plished  by  radar  both  in  the  radio  coni  maud 


and  radar  command  guidance  systems. 


COMMAND  LINKS 


I  he  equipment  used  to  send  commands  to  a 


missile  may  be  compared  to  a  radiotelephone 


circuit  between  a  piloted  plane  and  a  ground 
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station.  instead  o:  voice  common ieai Loos,  the 
instructions  are  sent  as  a  single  pulse  or  a 

series  oi  spaced  pulses,.  The  pulses  may  he 

modulated  or  unmodulated,  depending  on  the 
complexity  of  the  system  in  use. 

in  other  words,  missile  functions  (dives, 
turns,  etc.)  are  controlled  by  either  radio  or 

radar  commands. 

Wire  links  were  used  in  some  early  mis¬ 
sies  a  a.  command  links,  and  are  presently 
used  in  an  antitank  weft  pan,  The  German  X-4 
missiles  (air-ta-air )  used  in  World  War  II 
tiart  wire  links.  Limitations  on  the  use  of 

wire-  guidance  for  supersonic  missiles  are 
obvious.  The  signals  cannot  be  jammed,  but 
a  very  limited  length  of  wire  can  be  unrolled 
and  trailed  behind  ns  missile. 
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Insofar  as  guidance  is  concerned,  the  prin¬ 
cipal  functions;  [prescribed  for  command  sys¬ 
tems  are  the  sighting  and  tracking  means,, 

computation  of  flight  path  error,  communication 

ctf  t hi s  intelligence  t 0  the  missile,  ani  sensing 
and  responding  mechanisms  in  the  missile  to 

effect  flight  path  correction,  In  the  command 

pidance  system,  measurement  cF  relative 

position  and  motion  of  missile  and  target  are 
accomplished  at  a  location  outside  the  missile* 
Computers  perform  the  calculations.  The 
information  gained  mu^t  be  sent  L;  tin  mig&ile 
in  the  form  of  commands  to  correct  missile 

position  with  relation  to  the  target. 

Except  at  short  ranges  where  visual  detec¬ 
tion  and  tracking  of  targets  is  possible,  radar 

detection  and  tracking  is  the  method  used. 
Detection,  lock- on,  anti  tracking  are  the  n<  rmal 
sequence.  Continuous  monitoring  of  a  moving 

target  is  necessary.  Detection  mav  involve 

search,  identification,  designation,  and  acquisi¬ 
tion. 

The  function  of  the  computer  is  to  generate 
command  signals  that  will  result  in  collision 
of  the  missile  with  the  target.  From  the 

pcaition  and  rate  information  received  from  the 

radar  tracking  system,  the  computer  predicts 
the  optimum  point  of  impact,  and  sends  the 
steering  signals  to  the  missile  to  cause  it  to 

fly  the  indicated  course. 

Figure  7-1  is  a  block  diagram  of  the  com¬ 
ponents  of  a  generalized  command  guidance 
system.  Many  variations  are  possible.  The 

Iocs:  missile  guidance  system  contains  grin- 
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ponentg 


cipaLly  the  receiver-demodulator  (detection), 

served  rive  for  airframe  control  members,  the 
airframe  itself,  and  autopilot  feedback  for 

stabilization  and  reference.  Missile  sensing 
and  tracking  equipment  Tracking  radar,  fig. 
7-1  ■  locale  the  missile  by  measuring  its  posi¬ 
tion  and  motion,  obtaining  information  on  mis¬ 
sile  range  aid  time  derivatives.  Guidance 
commands  are  computed  from  this  information. 

The  integrated  raiige  and  angle  information 

usually  requires  coordinate  conversion  before 
delivery  to  the  computer.  Requirements  for 
target  sensing  and  tracking  are  similar. 

The  command  signals  generated  by  the  com¬ 
puter  are  sent  to  the  receiver  in  the  missile 

via  the  command  link,  which  usually  is  a 

radio  link.  Guidance  intelligence  is  derived 

in  the  missile  by  demodulation  of  the  modulated 
radio  frequency  carrier.  The  electrical  infor¬ 
mation  is  converted  to  mechanical  displacement 
of  the  airframe  control  members,  the  airframe 


PRINCIPLES  OF  GUIDED  MISSILES 


LEAR  WEAPONS 


sets  were  replace^  by  superheterodyne  r 
ers.  The st  sets  art  identical  to  stands^ 

frequency— modulation  FM)  receivers  (PM  m 
be  picked  up  by  an  PM  set}  up  through  tht 
discriminator  stage*  I 

The  receiver  is  m  the  missile  and  therefore 

its  size  and  weight  are  important  considera¬ 
tions*  Designers  atm  toward  the  reduction  ii 
si?;?-  and  weight  of  the  components  that  art 
olaced  in  the  missile.  ' 


itself,  and  the  autop 

(Lon  and  reference 


The  type  of  trajectory  required  for  the 
tactical  situation  iniluenres  the  response  of  the 
elements  of  the  guidance  system.  Besides 
steering  instructions,  the  command  link  may 
be  required  to  transfer  .it  her  Information  to 
the  missile,  such  as  arming,  receiver  gain 

sett! tig,  detonation  of  warhead  near  trie  target, 
or  self-destruction.  Carrier  frequency  and 
power  requirements  must  be  suited  to  the 
effective  range  In  which  the  missile  system 

is  to  be  applied* 

The  N  bl  >ck  in  figure  7-1  is  the  common 
reference  direction,,  such  aa  "up, M  which  must 
he  established  for  the  control  loop  and.  main¬ 
tained  throughout  the  control  period.  It  takes 
the  place  oi  the  pilot  in  keeping  the  missile 
rorrectly  oriented.  The  prealignment  of  the 
missile  gyros  establishes  this  reference. 

TRANSMITTERS.  Early  target  drone  com- 
maivcl  transmitters  were  simple  one-tube  units 
that  sent  out  a  pulse  when  keyed  by  the  Opera¬ 
tor.  This  system  made  it  possible  to  control 
the  rudder.  But  to  control  engine  speed  and 
altitude,  additional  transmitters  turned  to  other 

frequencies  were  required*  As  a  result,  the 

■system  became  so  large  and  complex  that  it 
was  un  suit  abl  e.  C  onsequerUly ,  work  wa  s  st  a  rt ed 
on  a  simpler,  more  reliable  transmitter  that 

would  reduce  the  number  of  radio- frequency 

(R F j  channels  needed  for  command  guidance. 
The  result  of  this  work  is  the  modern  command 
guidance  transmitter*  which  is  similar  to  any 

medium  power  PM  (phase  modulated:  trans¬ 
mitter* 

RECEIVERS.— In  early  missile  systems,  re¬ 
ceivers  used  for  remote  control  were  simple 
one- tube  sup er r e generative  sets,  A  relay  was 

connected  in  the  plate  circuit  of  the  tube; 
when  a  signal  was  applied  to  the  input  of  the 
lube,  its  plate  current  changed  and  operated 
the  relay.  The  closing  of  the  relay  contacts 
activated  another  circuit  which  moved  the  con¬ 
trol  surfaces* 

The  disadvantage  of  this  system  is  that 
separate  receivers  are  required  for  each  con¬ 
trol  function.  In  addition,  the  superregenera- 
tive  receiver.  In  its  most  sensitive  condition, 
is  a  low-powered  transmitter  'hat  could  inter¬ 
fere  with  other  receivers  in  the  missile. 

But  receiver  development  kept  pace  with 
transmitter  development,  and  simple  one- tube 


TYPES  GI  C  0  :■■  RIANT)  G  Uf  DANCE 


Command  guidance  may  be  exercised  bt 

one  or  more  ground  stations,  shipboard  sta¬ 
tions  f  or  aircraft.  The  guidance  poisit  Influ¬ 
ences  the  type  of  command  guidance  use! 
Since  all  command  systems  are  sub i eel  t- 

enemy  lamming  if  tSie  control  circuit,  tfof 
closer  the  missile  enc  be  launched  to  the  tar^e! 
the  better.  A  shorter  time  required  for  tht 
missile  to  travel  front  the  launcher  to  the 
target  means  less  time  for  the  vnemy  to  jam 
the  controls. 

Electronic  command  sfuidance  systems  a n 

divided  into  four  principal  groups;  television; 
radio  radnr,  and  hyperbolic.  Within  each  group 
arc  one  or  more  subgroups.  The  par agx apttt 
gives  a  brief  introduction  to  each  group. 


T  E 1  ■■  V ISIO  N  G  L‘ ;  1  > A  NC  E  SY  S  I'  E  M 


Television  command  guidance  is  well  suited 
for  some  missions  where  the  control  point  is 
in  a  mother  aircraft.  The  control  aircraft 
pan  stay  out  of  range  of  hostile  antiaircraft 
defenses  and  yet  launch  the  missile  reasonably 
close  to  the  target*  Because  the  target  :s 
piok->d  up  by  the  missile's  TV  camera  before 
the  missile  is  launched  from  the  aircraft, 

the  personnel  In  the  plane  can  see  the  target 
through,  the  missile  camera  from  the  time  the 
Target  is  first  picked  up  until  the  missile 
strikes.  Because  of  tht  close  range  at  the 

time  of  firing,  the  system  is  quite  accurate; 

and  because  of  the  short  time  between  launch¬ 
ing  anti  striking,  there  is  leas  chance  of  enemy 
jamming.  But  this  is  essentially  an  optical 

system*  and  is  not  suitable  for  use  when  the 
target  it  obscured  by  overcast,  smoke?,  fog, 

or  darkness, 
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RA DIO  AND  RADAR  COMM  A ND 
GUIDANCE 

These  two  systems  are  much  alike.  Each 
is  based  on  a  transmitter  at  the  control  point,, 
and  a  receiver  in  the  missile*  The  transmitter 

out  a  carrier  wav e ,  which  is  modulated 
in  accordance  with  the  command  signals.  The 
receiver  interprets  the  modulation  so  that  the 

missile  cat]  execute  die  transmitted  cotr. mauds. 
The  two  systems  differ  in  two  ways*  First, 

radar  operates  at  a  higher  frequency.  Second, 
the  radio  transmitter  usually  sends  out  a  con¬ 
tinuous  carrier  wave,  whereas  the  radar  Trans¬ 
mitter  sends  out  its  signals  in  !hc  forth  of 
Short  pulses,,  with  resting  intervals  between. 

HYPERBOLIC  GUIDANCE  SYSTEM 

A  hyperbolic  guidance  system  can  he  used 

for  both  long  stud  short  range  missile-  guidance, 
St  consists  of  master  and  slave  stations  ths" 

Send  out  low-frequency  pulses  at  constant  in¬ 
tervals,  The  slave  station  is  triggered  by 
the  master  station,  and  sends  out  Lis  pulses  a 
few  microsecond  a  after  the  master  pulse  is 
transmitted.  These  pulses  are  picked  up  by 

receivers  in  the  missile  and  fed  to  an  auto¬ 
matic  computer  in  the  missile.  The  computer 

then  establishes  the  missile  position  by  an 
Imaginary  line  of  position  set  up  by  the  master 
aad  slave  stations.  Hyperbolic  guidance  is 

not  used  by  any  missies  and  will  not  be 
discussed  further  in  this  course* 

Long  range  hyperbolic  navigation  was  do- 
veloped  primarily  for  long  range  navigation 
over  water  and  for  aircraft.  LORAN  (LOng 
RAnse  Navigation)  makes  use  of  a  master 

radar  station  and  one  or  more  slave  stations 
separated  by  several  hundred  miles.  A  form 
Of  lor  an  is  used  by  the  Matador  missile. 


in  the  missile. 


The  receiver  activates  the 


missile  control  circuits  when  it  receives  com 


maud  signals  from  the  transmitter* 


This 


equipment  makes  it  possible  to  follow  the  mis- 

H.iSeJs  flight  and  correct  for  errors  which  would 
cause  a  miss* 

Many  of  the  early  missiles  were  radio 

controlled.  The  use  of  radio  for  command 
guidance  of  high-speed  missiles  makes  it  nec¬ 
essary  to  use  a  transmitter  that  can  do  more 
than  send  simple  ON-OFF  pulses  (Bang- bang  con¬ 
trol).  Further  experimentation  with  missiles  led 

to  ttie  successful  use  of  tone  channels.  By  modu¬ 
lating  the  transmitter  with  various  audiofrequen¬ 
cies  it  became  possible  to  control  many  missile 
functions  by  using  only  one  carrier  frequency 
and  therefore  nnlv  one  r-f  transmitter  and 


7  ec  e  ive  r  * 


Each  of  the  audiofrequencies  was 


ma.de  to  represent  one  particular  function  such 

as  fly  right,  fly  left,  etc.  Whereas  the  number 
of  operations  capable  of  being  handled  by  the 
system  of  multiple  receivers  was  only  about 
four,  the  modulated  system  was  capable  of 

handling  twenty  possible  functions* 

Tone  systems,  however,  were  troubled  by 
interference  from  outside  sources.  Radtofre- 

quecicy  waves  modulated  by  the  same  frequon- 
ctey  ns  those  used  by  the  missile  'bu:  mat 
associated  with  the  missile  guidance  system) 

would  sometimes  cause  unwanted  actuation  of 

the  missile  controls,  An  attempt  to  prevent 
this  interference  was  made  in  using  an  f-m 

system,  However,  outside  t-m  interference 
also  caused  difficulties.  Finally,  a  system  was 

developed  which  used  coded  tone  pulses.  In 

this  system  a  particular  missile  function  would 
occur  Only  on  the  missile  Js  reception  and 

recognition  of  a  specific,  series  of  pulses  at 
the  correct  tone*  The  chance  that  random  or 
intentional  interference  would  exactly  duplicate 
the  coded  pulses  tn  this  type  of  system  is 

mini  missed. 


RADIO  COMMAND  SYSTEM 
BASIC  PRINCIPLES 

A  radio  command  system  contains  a  means 

Of  accurately  determ  ini  tig  the  missile  position 

in  relation  to  the  control  station,  the  target* 
and  the  desired  trajectory.  A  computer  is 
usually  used  to  determine  the  error  between 
the  actual  missile  position  and  the  desired  po¬ 
sition,  A  command  transmitter  is  located  at 

the  control  point,  and  a  receiver  is  contained 


A  P  P  LIC  A  HO  NS 

Radio  command  guidance  may  be  used  to 

control  missiles  aimed  at  ground  dr  air  targets 
from  surface  sites  or  trom  aircraft.  The 

controlled  missile  may  be  of  any  of  the  follow¬ 
ing  types:  surface-to-surface,  surface-to-air, 

air- to- surface ,  or  air-to-air*  A  recent  uso 
is  in  spacecraft  boosters  to  replace  inertial 
guidance  systems.  It  permits  a  considerable 
reduction  in  weight. 
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NUCLEAR 


PRINCIPLES  OT  GL 


sail  es  that  are  used  against  moving 

s  usually  have  another  farm  of  guidance 
irt  of  the  trajectory.  The  Nike  is  an 

ile  of  such  a  5iii g si] e.  Many  of  the 

bombs  in  the  World  War  II  era  were 
controlled,  as  were  target  drones. 


AMf  :  "lETR 


Pr-A5l 


aPii’Ti.Mil 


LIMITATIONS 


;uTPUT 


The  limitations  of  a  radio  command  system 
are  Imposed  by  transmission  conditions,  dis¬ 
tance,  and  enemy  countermeasures.  Early 
systems,,  which  used  AM  tone  modulation,  Eiad 
additional  limitations*  As  an  example,  an  in¬ 
terfering  signal  containing  the  control -tone 

frequency  would  cause  the  missile  control  sur¬ 
faces  to  act*  Often  harmonics  or  sideband 
frequencies  of  voice -modulated  carriers  would 
upset  the  whole  control  system* 

The  use  of  PM  (phase  modulation )  elimi¬ 
nated  a  large?  pari  of  the  voice  interference, 

but  manmade  interference  with  PM  character¬ 
istics  could  still  affect  the  control  system* 
This  disadvantage  was  overcome  by  using 

coded  combinations  of  tone  channels.  \\  ith  this 

system*  no  control  operation  can  tike  place 
unless  the  proper  tones  appear  at  the  missile 

receiver  in  the  correct  order  and  spacing.  The 

adoption  of  this  control  method  practically 
eliminates  the  rhinCe  that  an  interfering  signal 
will  duplicate  the  control  combination* 
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*1-2.- Phase  modulated  radio 

command  transmitter. 


COMPONENT  OPERA  I  ION 


Radio  Command  Transmitter 


Ti^ure  7- 2  shows  a  block  diagram  of  the 

type  of  radio  command  transmitter  used  in 
modern  systems.  The  master  oscillator  is 
crystal- controlled  and  provides  a  very  stable 
carrier  frequency.  Accurate  frequency  control 
is  of  prime  importance  since  the  command 
receiver  in  the  missile  is  tuned  to  the  com¬ 
mand  frequency  before  the  missile  is  fired, 

and  the  receiver  tuning  cannot  be  changed! 
while  the  mi  sails  is  in  flight.  Therefore, 
the  transmitter  frequency  must  remain  Stable 
Or  the  command  link  will  be  lost. 

The  output  of  the  crystal  oscillator  is  built 

up  by  r-f  amplifier  stages*  Some  of  these 
stages  operate  as  frequency  multipliers,  but 
the  output  stage  operates  as  a  straight -through 

r-f  power  amplifier, 

TRANSMITTER  MODULATION. -The  use  of 

Phi  results  in  considerable  saving  of  space, 
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S 


Changes,  If  the  phase  Of  the  currpnf  in  n  cir 


evil  is 


,  there  is  an  instantaneous  Ire- 


quency  change  during  the  ttme  that  the  phase  is 
being  shifted,  The  amount  of  frequency  change* 
or  deviation ,  depends  on  how  rapidly  the  phase 

shift  is  accomplished*  It  also  depends  on  the 

amount  of  phase  shift*  In  a  properly  operating 
PM  system*  the  amount  of  phase  shift  is  pro- 
o&rticnal  to  the  instantaneous  amplitude  of  the 
modulating  signal.  The  rapidity  of  the  phase 
shift  ie  directly  proportional  to  the  frequency 
of  the  modulating  signal*  Consequently,  the 
frequency  deviation  to  pm  is  proportional  to  both 

(he  amplitude  and  frequency  of  the  modulating 

signal*  Thus  the  crystal  oscillator  output  signal 


selector  channel,  a  breakdown  of  which  is  pre¬ 
sented  in  figure  7-4,  is  usually  an  amplifier 
with  a  band -pass  filler  at  the  input  and  a  re- 
lav  in  the  nlate  circuit. 

'  USE  OF  TONE  CHANNELS*- The  discrimin¬ 
ator  output  is  fed  to  a-f  channel  selectors  and 
'.here  is  one  receiver  channel  selector  for  each 
tone  the  transmitter  may  send. 

The  sections  oi  an  a- f  channel  selector  arc 

shown  in  figure  7-4,  A  sharply  tuned  band¬ 
pass  filter  (one  th.it  passes  certain  frequencies 

better  than  others)  is  at  the  input  of  an  ampli¬ 
fier  stage. 

Thr  grid  bias  of  this  stage  is  adjusted  no 

that  plate  current  is  cut  off  when  no  sicnal  is 


is  varied  In  both  amplitude  and  phase  by  (he  being  fed  to  the  stage.  When  a  signal  is  applied 


modulating  signal* 

The  rf  section  of  the  transmitter  operates 
continuously,  but  is  modulated  only  when  cue  nr 
more  of  the  tone  generators  are  operated  by 
the  kever  section. 


to  the  input  of  the  stage,  (he  effective  grid  bias 
reduced  to  the  point  where  plate  current 
flows.  The  change  in  pints  current  operates 

the  relay;  Its  contacts  clo$e,  and  activate  the 
missile  control  surfaces  in  accordance  with 
the  commands, 


Missile  Receiver 


The  receiver  id  the  mission  is  the  woven-  rt tore  1  Control 

t tonal  f-m  receiver  shown  in  the  block  diagram 

in  figure  7-3*  An  addition  to  :he  conventional  Thus  far.  we  have  discussed  radio  command 
receiver  is  the  carrier  fail  relay.  When  the  guidance  from  the  standpoint  of  on-off  (bang- 
incoming  carrier  signal  Mis  below  a  specified  bang)  control*  In  acme  missiles*  radio  corn- 
value  (thus  becoming  unreliable),  the  fail  relay  ma  nd  5  are  u  a  edin  proportional  control  of  miss  lie 
Is  actuated*  The  operation  of  this  relay  may  functions.  For  example,  throttle  control,  turn 
cause  self-destruction  of  the  missile  or  keep  it  control*  and  pitch  control  may  be  gradually 
on  present  course  (depending  on  the  desired  varied  in  proportion  to  the  varying  character- 
objectives).  isfics  of  the  radio  command  signals*  Usually, 

After  amplification,  the  discriminator  (do-  pulse  width  is  varied  with  pulse  repetition  rate 
sector.)  output  is  applied  to  the  a- f  selector  (PBR)  remaining  constant.  By  manipulating  con- 
channels  .  There  is  one  selector  channel  fur  trols  at  the  command  station,  varying  voltages 
every  tone  that  the  transmitter  may  send.  The  are  produced.  These  voltages  are  converted  to 

varying  width  gated  signals  from  subcarrier 

oscillators.  The  sjate  widths  are  directly  pro¬ 
portional  to  the  desired  changes  in  missile 
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33,140  Figure  7» 4. —Selector  channel  with 

Figure  7-3.— Com  maud  receiver  in  missile.  band- pass  filter. 
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Ft  the  srad-  modulator  section,  which  in  turn  produces  m 

sub  carriers  high-voltage  output  pulse,  I 

The  same  trigger  pulse  is  also  sent  to  tfc 

range  unit,  and  starts  its  time  “measuring  M 
vice.  After  a  short,  fixed  delay,  the  range  uur 
forms  a  range  gate.  The  gate  is  developed  M 
a  voltage  which  is  present  during  a  relative!: 
short  part  of  the  main  time  cycle.  This  voltaga 
is  applied  to  the  gain  control  circuit  of  the  tf, 
ceiver.  When  the  range -gate  voltage  is  present 
the  receiver  gain  is  high:  during  the  rest  d 
the  time  cycle,  the  ?ain  is  very  low.  Thus,  whan 
the  range  gate  is  rfopen,v  signals  picked  up  kj 
the  antenna  will  pass  through  the  receiver; 

when  the  gate  vs  "closed,"  they  will  not. 

A  definite  rime  is  required  for  the  trans¬ 
mitted  signal  to  reach  the  missile,  and  for  tie 

reflected  signal  to  return.  The  total  time  de- 
the  pends,  of  course,  on  the  range  of  the  missile. 

bv  The  t imvnc  circuits  ran  be  adjusted  to  Open  the 


MISSILE  COURSE  COMPUTER.  Ordinary 

forms  of  missile  course  determination  require 

a  large  number  of  calculations,  ar.d  consider¬ 
able  time*  Since  calculations  are  time  con¬ 
suming,  and  since  speed  is  an  absolute  neces¬ 
sity,  electronic  course  computers  have  been 


MISSILE  TRACKING  RADAR,  When  com-  it  will  track  the  missile  automatically. 


mand  guidance  is  used,  the  position  of  the  mis¬ 
sile  in  relation  to  the  control  point,  desired 

course,  and  the  target  area  must  be  known  at 
all  times* 

Since  radar  can  provide  information  as  to 


range,  elevation,  and  direction,  it  is  well  suited 
for  short-  and  medium-range  missile  tracking 
iti  general,  missile- tracking  radars  use  the 
same  principles  as  search,  fighter- director, 


and  lire  control  radars. 


Radar  r angina;  is  accomplished  by  time 

measurement,  The  range  is  found  by  measur¬ 


ing  time  elapsed  time  between  the  transmission 
of  a  pulse  and  the  arrival  of  the  echo  reflected 
from  the  missile.  Radar  waves  travel  at  the 
speed  of  light  (186,000  miles  per  second).  The 

distance  to  the  target  is  found  by  multiplying 


the  elapsed  time  by  the  speed  of  the  radar  wave 

and  then  dividing  the  result  by  two,  Th&  divi¬ 
sion  by  two  is  necessary  because  the  elapsed 
time  includes  time  out  and  time  back,  so  that 


A  single  antenna  is  used  for  both  transmu¬ 
ting  and  receiving*  This  requires  sums  means 
for  switching  the  antenna  from  the  transmitter 
to  the  receiver t  and  then  back  to  the  transmit¬ 
ter  again.  The  device  usually  used  for  this 
purpose  is  called  a  duple xer.  The  duplexer 

makes  it  possible  to  operate  the  transmitter 
and  receiver  simultaneously,  but  keeps  the 
powerful  transmitter  signals  from  entering  the 


receiver  directly. 

For  missile  tracking. 


a  lobing  or  conical 


scanning  system  is  used,  because  accurate 

angle  data  cannot  be  obtained  from  a  single 

beam  or;  the  antenna,  axis*  This  type  of  scan* 


rung  is  described  in  chapter  8. 

Video  signals  produced  by  the  reflected  sig¬ 
nal  from  the  missile  may  be  used  to  modulate 


the  display  on  a  cathode -ray  tube.  The  method 
of  modulating  the  display  will  depend  on  the 
type  of  Indicator  used  in  the  radar  set.  Either 
the  dL flection  or  the  intensity  of  the  beam  iracc 


the  actual  time  to  the  target  is  one- half  the 

elapsed  time* 

The  time  sequence  for  the  radar  set  is 
started  in  the  timing  generator*  The  trigger 
action  of  the  timing  generator  controls  the 


may  be  modulated* 

Command  systems  using  radar  tracking  have 
a  relatively  high  degree  of  accuracy,  and  the 
weight  of  the  equipment  required  in  the  missile 
is  comparatively  small.  However,  tracking 
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errors  will  be  introduced  by  limitations  ol  the 
radar  system.  In  general,  rad-ir  range inf^r  ma- 

tl-Ofi  is  accurate,,  and  elevation  and  azimuth  in¬ 
formation  is  accurate  to  within  a  few  mils*  The 
rang*  and  accuracy  of  the  guidance  system  can 

be  improved  by  usin^  a  different  form  Of  ter¬ 
minal  guidance,  such  as  homing  guidance. 

Missile  Plotting  System 


The  use  of  radar  for  missile  tracking  makes 
it  possible  to  obtain  information  on  the  missile'  s 
■elevation*  tea  ring,  and  horizontal  range*  This 
Information  may  be  plotted  so  that  personnel 
controlling  the  missile  win  have  a  complete 
picture  of  the  operation. 

An  example  of  a  basir  plotting  system  is 
shown  in  figure  7-5,  The  tracking  radar  is 
shown  at  the  left  of  the  drawing,  and  the  plot¬ 
ting  board  at  the  right*  The  boom  on  the  plotting 
board  revolves  around  a  center  pivot;  and  is 
positioned  by  the  missile  bearing  data*  The 


tracing  pen  trolley  (mounted  on  the  revolving 
boom)  is  positioned  by  the  horizontal  range- 

data.  The  pivot  of  the  boom  represents  the 
tracking  radar  location,  and  the  pen  position 
represents  the  instantaneous  location  of  the 


missile* 


The  radar  can  provide  only  slant  range, 
bearing,  and  elevation  angle*  The  horizontal 
range  data  used  to  position  the  tracing  pen 
trolley  can  be  obtained  from  the  product  of  the 
slant  range  and  the  cosine  of  the  elevation 
angle,  The  elevation  of  the  missile  is  the 
product  of  the  slant  range  and  the  sine  of  the 


elevation  angle  (or  of  the  horizontal  range  and 
the  tangent  of  the  elevation  angle),  Successive 
positions  of  the  mi fi site  can  be  marker!  on  the 
plotting  chart  at  regular  intervals,  to  provide 
an  indication  of  the  missile's  course.  In  modern 
systems,  plotting  r>f  the  target  and  themissUfUn 
position  is  usually  done  in  the  Combat  informa¬ 
tion  Center  (C1C)  of  the  ship* 

TELEVISION  COMMAND  GUIDANCE 


Television  has  been  used  in  various  weapon 
systems  to  obtain  target  information.  Assaub 
Drone*  li  pilotless  aircraft,  used  by  Hu?  U,  5. 

Navy  against  Japanese  and  German  target*  tn 
1944,  employed  television  and  radio  control  in 

a  ** mother”  airplane  to  effect  guidance* Several 

guided  bombs  using  television  command  guid¬ 
ance  were  developed  by  the  United  States 
World  World  War  11,  TheGB-4  was  success¬ 
fully  used  by  the  U.  S.  Air  Force  against  U-boat 
pens,  v-i  and  v-2  launching  sites*  and  German 


industrial  centers.  The  television  camera  was 


in  the  bomb;  the  operator  in  the  11  mother”  or 
launch  aircraft  monitored  the  TV  picture  an 
guided  the  bomb  to  the  target,  using  a  radii 
command  link.  The  Robin  and  the  Hoc  ware 
similar  types  developed  in  the  United  State s. 

Television  guidance  generally  has  made  uso 
of  the  electro  magnet  ic  frequencies  in  the  rattle 
between  radio  and  radar  applications  tor  trails 
mission*  The  sensor  units  operate  bn  the  visua' 
band  of  the  spectrum. 

Television  is  the  Information  link  of  the  sys¬ 
tem;  radt  >  is  normally  used  forth*  c  jmmand  link. 
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Figure  7-5,— A  basic  missile  plotting  system* 
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At  p  resent  L!h  Navy  has  under  development  in  the  desired  direct  ion.  If  the  PRR  is  unmo^ 


an  air -to- surface  missile  using  the  television 
system* 


,  no  control  signal  is  sent  to  the  missile* 
If  the  PRR  is  modulated  so  that  it  increases. 

missile  will  turn  in  a  certain  direction;  li 


RADAR  COMMAND  SYSTEM 


PRR  decreases, 


missile  will  turn 


GENERAL 


opposite  direction*  Since  the  PRR  can 
varied  by  the  modulation  frequency,  it  is  pos¬ 
sible  to  make  the  amount  of  turn  proportional 


If  a  command  system 


deviation  from 
to  be  used  with  thus  obtain  accurate  control 


normal  PRR, 


supersonic  missiles,  some  form  of  radar traek- 


This 


requires  some  form  of  multi 


ing  employing  an  automatic  computer  must  be  plexing  or  switching  control,  so  that  operations 


used  to  obtain  a  reasonable  degree  of  accuracy 


take  place 


sequence.  As  an  ex- 


In  this  system,  both  the  guided  missile  and  the  ample,  there  may  be  five  possible  operations 
target  are  tracked  by  radar  (fig.  7-1),  and  the  and  each  may  be  controlled  by  a  I  / 1 00- se  eond 


information  concerning  range,  range- rate. 


proper 


rate.  A  complete 


azimuth,  and  elevation  is  fed  to  an  automatic  set  of  control  signals  com  Id  then  be  sent  every 
Computer*  Telemetered  information  from  the  1/20  second* 


guided  missile  may  also  be  sent  to  the  com- 


The  control  pulses  may 


coded  in  a? 


puter*  The  computer  determines 


control  quence  so  that  each  pulse  controls  a  particular 


signal  which  must  be  sent  tg  the  guided  missile  operation.  As  soon  as  a  full  set  of  operations 


to  steer  it  to  a  collision  with  the  target. 


covered,  the  sequence  stam  over  again. 


There  is  great  similarity  between  radio  and  The  pulses  may  he  modulated  either  in  ampli- 
radar  command  guidance  systems.  Each  is  based  hide  or  by  their  position  on  a  time  stale. 


on  a  transmitter  at  the  control  point,  and  a 


several  means  of  controlling  missile  func- 


receiver  in  the  missile*  In  both  systems  the  lions  by  the  radar  trucking  beam  are  illustrated 


transmitter  sends  out  a  carrier  wave,  which  is 
modulated  in  accordance  with  the  desired  coin¬ 


figure  7-6.  Multiple  pulses  may  be  grouped 
shown  in  block  A,  the  number  of  pulses  In 


mands.  The  receiver  interprets  the  modulation  each  group  determining  the  specific  command. 


so  that  the  missile  can  execute  the  transmitted 
commands* 


Block 


OPERATION  OF  RADAR 
COMMAND  GUIDANCE 


shows  dual  pulses  with  the  apa 

pulse  determining  the  command, 
block  C,  every  other  pulse  la  di spaced  in 


■  c-en 


time, 


direction 


displacement 


time 


Most  radar  command  guidance  systems  de- 


deter mining  the  command.  Block  D  shows  pulse 
width  variation  representative  el  commands. 
The  use  of  the  missile  tracking  radar  beam 


pend  <m  *'  sampling"  control,  since  it  is  not  as  a  control  medium  results  in  economy  of  equ  ip- 
possible  to  control  all  of  the  missile  functions  ment  because  the  radio  control  transmitter  is 
at  once*  Each  must  take  its  turn  in  the  control  no  longer  needed. 


sequence*  Consequently,  after  a  given  function 


As  in  any  other  communications  equipment, 


has  received  a  command,  there  wilt  he  a  time  the  bandwidth  of  the  modulated  signal  determines 
delay  before  the  next  command  is  received*  the  amount  of  information  that  can  be  transmitted 


The  length  of  tins  delay  will  depend  on  the  in  a  given  time. 


radar  signal  ’with  a  pulse 


number  of  function  a  to  be  controlled. 


repetition  rate  of  2000  cycles  per  second  would 


When  radar  ’,s  used  for  control,  the  fidelity  limit  the  number  of  functions  that  could  be  con 


or  accuracy  of  control  is  limited  by  the  allow 


trolled  as  well  a*  the  rate  at  which  the  control 


able  variations  in  pulse  rate  or  amplitude,  signals  could  be  changed*  But  for  some  missile 
(Excessive  variations  will  affect  the  tracking  systems  this  band  widtii  is  adequate  because  only 
accuracy.)  The  accuracy  of  control  is  also  a  few  missile  functions  are  under  control  by 


limited  by  die  ability  of  the  missile  equip 


command  guidance.  And,  if  the  rate  of  si 


ment  to  measure  these  variations  accurately,  change  is  not  too  great,  there  will  be  enough 
There  are  several  ways  in  which  commands  bandwidth  to  allow  modulation  of  theradartaeam 
can  be  sent  by  radar*  For  exam  pi  e*  the  pulse  with  several  signals  si  multaneausly. 


repetition  rate  (PRR J  of  the  radar  may  be  Ire- 


If  there  are  missiles  in  the  vicinity  of  the 


quency  modulated  in  order  to  turn  the  missile  beam  other  than  the  one  being  tracked,  some 
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figure  7 -6  .—  Methods  of  transmitting  commands  by  radar  pulses. 
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coding  or  frequency  discrimination  method  must  to  accept  command  signals.  When  used  far  this 
be  used  so  that  each  missile  will  respond  only  purpose,  an  additional  sei  of  coded  pulses  is 

to  its  own  command  signals.  Thss  is  true  in  added  to  the  transmitted  signal  for  the  missile 

either  the  continuous  wave  or  pulse  system*  tracking  radar.  The  beacon  accepts  these  stjgnaie 
Therefore,  if  there  is  any  likelihood  that  the  and  chancels  them  into  a  computer  which  dec  odes 

spaebig  between  radar  beams  is  not  sufficient,  them  for  the  intelligence  they  contain, 

each  missile  launched  from  a  particular  control 


station  must  hive  either  special  coding  equip- 


i  5  rc  0  g  e  tier al  \Z  ed  r ada  r  bea  c  on  sy stem ; 


me-nt  or  at  least  a  special  receiver  adjustment  each  system  is  designed  for  a  particular  ap- 


to  ensure  response  to  the  correct  signal. 


plication* 


RADAR  BEACON 


FUTURE  OF  COMMAND  GUIDANCE 

SYSTEMS 


To  extend  the  tracking  ranges,  some  missiles 
bare  radar  beacons  installed.  This  beacon  is  It  should  be  kept  in  mind  that  command 
actually  a  small  radar  set  which  is  actuated  by  guidance  systems  are  in  a  state  of  constant 

LV  remote  missile  tracking  radar.  When  trig-  development,  and  that  future  systems  may  differ 

gered  by  a  coded  pulse  from  the  tracking  radar,  cons id erahl y  from  those  described  here.  5y$» 

the  beacon  returns  a  stronger  signal  to  the  terns  that  were  tried  in  early  missile  develop- 

tracking  receiver  than  would  be  received  only  menu  and  were  discarded  may  be  improved  and 

by  reflection.  Figure  7-7  shows  a  block  diagram  placed  in  new  missiles.  An  example  i  s  the  Wall - 

of  such  a  system.  The  combined  action  of  the  eye,  a  guided  air- to- surface  bomb  being  de- 

beacon  receiver  and  transmitter  raises  (be  v eloped.  Television  contrast  homing  guidance 

signal  level,  Radar-beacon  ranges  are  generally  is  being  used  for  it.  Another  example  is  wire 

limited  only  by  the  i’udar  hbrizon.  The  beacon  guidance,  which  was  considered  inadequate  and 


transmitter  operates  on  a 


different 


was  discontinued  m  the  air-to-air  missiles  a 


frequency  than 


the  tracking  radar.  The  number  of  years  ago.  It  is  feeing  used  in  some- 


trucking  receiver  i  a  tuned  to  the  beacon  trans-  present-day  surface- to -surface  short-range 
liter  frequency  so  it  can  detect  the  beacon  missiles,  including  the-  French  55-1 0  and  SS- 11 

signal  without  confusing  it  with  the  reflected  antitank  missiles,  and  our  own  Army  antitank 

echo.  The  beacon  receiver  can  also  be  arranged  missiles,  Entac  and  TOW, 
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CHAPTER  8 


BEAM-RIDER  GUIDANCE 


INT  ROD  UC  TI 0  N 


GENERAL 


The  beam- rider  guidance  method  may  be 
considered  to  be  a  form  of  command  guidance, 
.since  the  beam- rider  missile  maintains  direct 
Slectromagnetic  radiation  edit  acL  with  a  Jrieitdli 
control  point. 


Beam -rider  guidance  is  similar  to  radar 
command  guidance ,  in  both  systems,  target  in¬ 
formal  ion  is  collected  and  analysed  by  devices 
at  the  launching  site  or  other  control  point 
father  than  by  devices  within  the  missile,  In 

both  systems,  the  missile  makes  use  of  guid¬ 
ance  signals  transmitted  from  the  control  point. 

The  principal  difference  between  radar  com¬ 
mand  guidance  and  beam-rider-  guidance  was 
stated  in  chapter  6.  The  guidance  equipment  in 

(he  missile  formulates  its  own  steering  signals 


from  the  information  contained  in  the  radar 


beam.  These  correction  signals  produce  control 

surface  movement  on  the  missile  to  keep  it  4* 
nearly  as  possible  in  the  center  of  the  radar 
beam  which  pinpoint  a  the  target.  The  missile 
can  thus  be  said  to  ^Jride"  the  beam  to  the 
target.  (See  figs.  6 --6  and  6-9.) 

The  beam- rider  system  is  highly  effective 
for  use  with  short-range  und  medium-  range 
surface-to-air  and  air-to-air  missiles.  For 


missiles  at  longer  range,  a  beam- riding  sys¬ 
tem  may  be  used  during  the  midcourse  phase 
of  flight j  while  the  missile  is  still  within  ef¬ 
fective  range  of  the  beam- transmitting  radar. 
As  it  approaches  the  limit  oi  beam- riding 
range,  the  missile  may  switch  over  to  sums 
other  form  of  guidance* 

The  beam- rider  missile  system  has  both 

advantages  and  disadvantages,  it  permits  the 

launching  of  a  large  number  of  missiles  into 
the  same  control  beam,  since  all  the  guidance 
equipment  is  carried  iti  the  missiles.  This, 


however,  makes  Each  missile  large  and  ex¬ 
pensive,  The  radar  problem  is  simple  since 
only  one  radar  set  ts  required  (two  radars  may 
be  used),  but  the  controlling  beam  must  be 

reasonably  narrow  to  be  directive;,  and  this  in¬ 
creases  tin?  chance  of  loss  oi  the  missile 

through  target  maneuvering  and  evasion* 


APPLICATION  TO  U.  5.  NAVY  MISSILES 


The  U.  S.  Navy  missile  program  is  one  of 
continuous  research  and  improvement  in  all 
phases*  Two  missiles,  Terrier  and  Talon, 

cltvel  iped  undei  the  Bumblebee  (1944)program, 
has  been  operational  for  some  time.  Roth  nf 
these  are  surface-to-air  missiles  using  beam - 


rider  guidance.  The  BW-i  Terrier  is  a  beam- 
riding,  wing -cent r  illed  missile;  trie  ET  Terriers 

ire  beam -riding,  tail -controlled  missiles;  and 
the  Terrier  HT  type  uses  homing  guidance. 
The  T&los  is  a  beam  rider  in  the  rmdcoursr 
stage  of  its  flight,  switching  to  homing  for 
the  terminal  phase  of  its  flight. 

This  chapter  'Ad  11  give  information  of  a  gen¬ 
eral  nature  on  beam  rider  gutdan  ce  systems  that 
might  be  used  with  this  typd  missiles,  It  should  be 


kept  In  mind  that  security  requirements  prevent  a 
detailed  description  of  the  guidance  system  oi 

any  specific  missile, 


SYSTEM  COMPONENTS 


GENERAL 


There  are  several  important  components, 
other  than  the  missile  and  radar,  in  a  complete 
guided  missile  system. 

A  major  part  of  the  equipment  is  at  the 
launching  sat?.  I'he  number  and  type-  o.  compo¬ 
nents  will  vary  with  individual  systems,  and  a 

mobile  setup  will  differ  from  a  fixed,  per¬ 
manent  launching  site* 
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Figure  6-8  Is  a  simple  ilia  gram  ol  a  beam-  speed  of  the  target,  The  computer  is  also  giv 
riding'  missile  guidance  system  which  includes  the  average  speed  Of  the  missile.  With  this  in 
the  baste  elements  when  a  radar  beam  is  used  formation,  it  is  able  to  determine  the  directioi 

as  the  guiding  beam.  The  example  shown  is  a  in  which  the  missile  must  be  launched  to  inter, 
surface-to-air  application,  fhe  radar  is  used  to  cept  the  turret.  It  is  unlikely  That  a  missile  wi 
develop  the  beam  along  which  the  missile  is  to  be  fired  as  soon  as  the  tracking  radar  acquire 


travel,  Ft js  antenna  is  directed  so  That  the  center 


target.  The  target  range 


C  oh  stunt] 


of  the  beam  Is  on  the  target.  The  missile  changing,  and  the  target  may  change  course  or 

launcher,  if  trainable,  is  used  to  point  the  mis-  speed  as  well.  The  computer  must  thereto 

sile  so  It  Ls  able  to  enter  the  beam  after  launch-  produce  a  continuous  solution  to  a  continuous! 
tutu  The  beam- riding  n.  ass  tie  contains  the  mech-  changing  problem*  At  any  given  Instant,  the  com- 

anisms  chat  permit  it  to  measure  its  position  puter  output  provides  the  correct  solution  totli> 

with  respect  to  the  comer  of  the  radar  beam  and  problem  as  it  exists  at  chat  Instant. 


to  move  to  correct  its  position. 


in  a  two- radar  system,  tn?  computer  eon- 


Two  types  of  beam -rider  systems  are  in  use.  tinue  s  to  calculate  the  missile  course  after  th 
In  the  simplest  type,  a  single  radar  is  used  for  missile  has  been  launched,  and  until  the  targ 
both  “ ar get  trackim  and  missile  guidance.  In  the  has  been  destroyed.  Through  servo  mechanising 
second  type  one  radar  is  used  for  target  track-  it  turns  the  control  radar  in  the  proper  direc- 
ingt  while  another  radar  generates  the  guidance  lion.  The  computer  output  is  used  to  train 
beam,  The  monopulss  system,  which  is  n  >tatype  elevate  the  missile  launchers  in  such  a  direct 


of  guidance  system,  but  a  radar  technique  used  that  the  mis  all  e 


enter  the  capture  bea 


LA  UNCHI  NG  3  !  A  T IO  N  C  O  £  1  *0  NUN  T3 


in  tracking,  is  described  later  in  this  chapter,  (described  later)  at  the  optimum  angle.  If  this 

angle  is  tew  large,  the  missile  must  make 
sharp  turn  to  get  into  the  control  beam.  If  it  i 
too  small,  there  is  some  danger  that  the  missile 
The  launching  station  may  be  on  or  in  the  will  evade  the  capture  beam  and  self  de struct, 
ground,  aboard  a  shipt  or  in  an  aircraft.  The 

components  used  in  aircraft  are  necessarily  MISSILE  COMPONENTS 
limited  in  sise,  weight,  a  fid  amount  of  power 

required  to  operate  them.  These  components  The  receiving  antenna  in  the  missile  is 
are  die  radar  (or  radars),  computer,  Informa-  very  important  part  of  its  electronic  Install* 

lion  display  scopes  (oscilloscopes)  and,  of  tion.  Through  it  most  come  all  guidance  sig 

course,  the  missile  s  whl  chare-  to  be  used.  Figure  mis  from  the  control  radar*  There  are  several 

B-  1  pictures  the  components  that  maybe  found  difficulties  in  determining  the  optimum  location 

aboard  a  ship.  The  radars  and  launchers  are  of  an  antenna  on  a  missile.  First,  the  antenna 

above  deck,  but  the  computers,  display  consoles,  must  not  interfere  with  the  aerodynamic  stability 


and  direction  equipment  are  below  decks. 


of  the  missile*  second,  it  must  be  (located  at  a 


AH  changes  detected  bv  the  radars  or  made  point  where  it  will  not  be  damaged  bv  the  raplc 
by  the  missile  or  the  target  are  instantly  acceleration  as  the  missile  Ls  launched,  and 

flashed  on  the  consoles  below  decks  so  the  course  where  wind  will  not  tear  it  loose.  Filially,  the 


■■a  i \  be  fo 3  lo  wed  a  nd  c c ?mb at  d  er  s  s  ion s  mad  e  on  t  ti  e 
basis  of  the  information  supplied. 


antenna  must  be  located  where  It  can  effective!? 

pick  up  the  signals  of  the  guidance  beam.  The 


The  target  is  usually  picked  up  at  long  range  antenna  location  that  has  been  found  most  sat* 
by  a  searoii  radar.  When  the  target  is  identified,,  isfactory  is  atornear  the  missile  after  surfaces. 


the  tracking  radar  takes  e  ver  the  job  of  following 


The  missile  antenna  is  highly  directional, 


it,  and  determines  its  direction  (elevation  and  and  most  sensitive  to  signals  received  front 
bearing)  range  rate  tradial  velocity),  and  range*  behind  the  missile*  The  roll-control  system 
This  information  ia converted  rapUUv  Intousable  of  the  missile  keeps-  it  stabilized  so  that  tin 


form  by  the  computer. 


antenna  polarization  remains  constant.  Another 


Because  the  computer  ls  given  the  course,  purchase  of  the  roll -control  system 


speed,  hearing 


? 


and  instantaneous  establish  an  up-down,  right-left  guidance  co- 


range  of  the  target,  it  can  calculate  the  course,  ordinate. 


and  position  of  the  target  at  any  future  time 


? 


The  guidance  signals  picked  up  by  the  mia- 


as  surging  that  It  does  not  change  course  or  speed,  silc  antenna  are  fed  to  a  receiver.  After  the 

In  some  cases,  the  computer  may  calculate  the  signals  are  amplified  and  demodulated  by 
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receiver,  they  are  ted.  to  a  computing  network 

w 

iii  the  missile.  Demodulation  is  the  process  of 

extracting  information  (direction,  etc  J about  the 

target  tram  the  beam's  carrier  signal.  Ef  the 
missile  is  off  the  scan  axis  of  the  guidance 
beam,  the  computer  will  determine  both  the 
direction  and  the  magnitude  of  the  error,  It 
will  then  give  the  correction  signals  required 
to  bring  the  missile  back  onto  the  scan  axis. 
Figure  ff-£  is  a  block  diagram  of  the  es¬ 
sential  components  of  a  beam -rider  gmi&d 
missile.  The  computer  includes  all  the  neces¬ 
sary  circuitry  to  separate  the  up/down  and 
left/ right  correction  signals  contained  in  the 
output  of  the  receiver.  Hie  separate  signals 
arc  then  amplified  and  drive  the  servomotors 
Which  actuate  aerodynamic  surfaces  or  other 
means  of  control  to  chans: c  the  position  of  the 
missile  and  cause  it  to  move  toward  the  center 
of  the  beam. 

The  missile  also  needs  to  be  roll- stabilized. 
This  is  done  by  placing  a  gyroscope  inside  the 

missile  with  its  axis  -.iriemed  so  that  an  output 
is  produced  tf  the  missile  tends  to  roll.  The 
output  is  amplified  to  operate  control  surfaces 

that  neutralize  the  tendency  oi  the  missile  to 

roll. 


Compared  to  its  surroundings  and  therefore 
is  a  good  radar  target.  An  important  point  is 
that  the  missile  velocity  must  greater  than 
the  target  velocity, 

PRINCIPLES  OF  BEAM- HID FR  GUIDANCE 

Since  the  beam  used  in  beam- rider  guidance 
is  a  radar  beam,  a  knowledge  of  the  basic 
principles  ?  racist  is  necessary  to  understand 
how  the  system  operates.  The  first  volume  in 
this  senes.  Principles  of  Naval  Ordnance  and 
Gunnery,  NavPers  10783- A,  contains  a  chapter 
On  the  detecting  and  assigning  of  air  targets  for 

guns.  The  radar  principles  apply  equally  to 
guidance  systems  for  missiles. 

GUIDANCE  ANTENNAS 


The  antenna  system  consists  ol  waveguides, 
switching  tubes,  a  reflector  for  beaming  the 
radiated  energy,  a  mechanism  for  nutating  the 
feed  during  operation,  and  servo  units  which 
position  the  antenna  reflector.  Its  purpose  is  to 
radiate  microwave  energy  developed  by  the 
transmitter  and  to  receive  echo  Signals  from 
the  target  and  apply  them  to  the  receiver. 


TARGET 


Genera  1 


The  target  for  any  guided  missile  must  have 
sonic  unique  characteristic  as  seenby  the  track¬ 
ing  radar.  This  characteristic  often  is  the  re¬ 
flective  property  ol  the  target  compared  toils 
311  r roundings .  For  Simple,  in  airplane  flying 
in  free  space  bas  high  radar  reflectivity  as 


The  radar  energy  that  forms  the  guidance 
beam  is  transmitted  by  art  antenna  at  the  con- 

■I 

energy  tends  to  spread  out 

i 


equa  lly  in 


directions,  but  by 


suitable  reflector  behind  the  antennas^  a  large 
part  of  the  radiated  energy  can  be  formed  into 
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Figure  fl-2 _ Beam- rider  guided  missile,  block  diagram  (essential  components). 


GUIDANCE 


*  relatively  narrow  beam*  A  narrow  beam  can 

point  out  the  target  direction  with  sufficient 
accuracy  for  the  missile  to  score  a  hit,  and 
Concentration  of  the  radiated  energy  into  a 
beam  extends  the  effective  range  ot  :Jie  system. 

Figure  £-3  compares  the  radiation  from  a 
radio  antenna  with  that  from  a  lamp.  Both 
liyht  waves  and  radio  waves  are  electro¬ 
magnetic  radiation:  the  two  are  believed  to  be 
ident ic al ,  except  in  frequency  of  vibration* 

From  both  sources,  energy  spreads  out  in  the 
form  of  spit  eric  a.  waves*  Unless  they  meet 
some  obstruction,  these  waves  will  travel  out¬ 
ward  indefinitely  at  the  speed  of  light.  Because 
of  its  much  higher  frequency,  light  has  a  much 

shorter  wav  el  Cng  th  than  radio  waves.  This  is 
suggested  in  figure  H-3,  but  M  cannot  hr  shown 
accurately  co  scale.  The  wavelength  of  radar 
transmission  may  be  measured  in  centimeters: 


the  wavelength  of  light  ranges  from  about  three 
to  seven  ten- thousandths  of  5  millimeter. 

You  arc,  of  Course,  Familiar  with  the  use  of 
polished  reflectors  to  form  beams  of  light* 
An  automobile  headlight  is  an  example  oi  this* 
although  it  produces  a  fairly  wide  beam,  A 

spotlight  produces  a  more  narrow  beam* 

Figure-  d-4A  represents  the  reflection  of 
light  by  an  Jridea]-”  reflector.  The  emerging 

rays  are  parallel;  the  beam  is  no  wider  than 
The  reflect  or  itself,  and  it  does  no:  diverge. 

But  an  ideal  reflector  is  hard  to  achieve  in 
practice.  It  must  be  a  paraboloid  of  revolution— 
that  is,  the  surface  r^ncrated  by  a  parabola 
rotated  on  its  axis*  It  must  be  highly  polished; 
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Figure  S- 3,  — Radiation,  unrestricted,  from 

a  lamp  and  a  radio  antenna. 


Rad  bit  Soft  of  light  and  radar 
affected  by  a  reflector, 
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it  a  surface  irregular  it  ics  must  be  small  com¬ 
pared  with  ihe  -wavelength  of  light..  And  the  light 
source  must  be  a  single  point,  located  sit  the 
focus  of  the  paraboloid. 

Figure  ft-4R  represents  :be  reflection  of 

radar  -'--aves.  Again*  !lie  surface  of  the  reflector 

is  a  paraboloid^  but  it  need  not  be  highly  polished* 

because  ot  The-  longer  wavelength  ''if  radar.  I  be 

source  of  radiation  is  die  end  of  a  waveguide. 

Unfortunately,  rhi  ^  is  not  a  point  sou  re  c :  it  tuusi 
have  a  finite  area. 

ft  should  be  noted  that  a  light  HAY  is  simply 
a  convention  used  in  diagrams.  Such  rays  do 
not  exist,  in  nature.  They  are  imaginary  lines 
Shat  Indicate  The  direction  in  which  the  wave- 
fronts  jrc  moving.  Although  RADAt'  RAY  si  are 

not  -a  familiar  convention,  they  are  used  iri 
figure  6-4B  to  show  the  direction  in  which  the 
radar  waves  are  moving. 

Of  course  the  tamp  shown  in  figure  ft- 4 A  is 

radiating  light  in  all  directions.  The  light 
from  the  from  surface,  which  does  not  strike 
the  reflector,  will  he  scattered  widely .  in  Some 

spotlights,  tiie  front  surface  of  thy  lump  is 

shielded,  so  that  the  only  rays  That  leave  the 

spotlight  are  those  thm  have  been  reflected. 
Such  ft  spotlight  produces  a  sharply  defined 

beam,  with  little  or  no  scattered  Light.  The 
same  effect  is  achieved  in  radar  by  tJirvCtlhg 
the  opening  hi  the  waveguide  backward,  toward 
Uie  reflector* 

But  no  radar  can  produce  an  idaal  beam  of 
parallel  ''rays/'  For  one  thing,  thy  end  S' the 
waveguide  is  large,  compared  to  th+-  ideal  point 
source.  For  another,  a  reflector  of  practical 

size  is  not  suff  i  c.i  ent  lv  lurge  compared  with  the 
wavelength  Of  Ihe  rAiliiilK*-  eiicrgy,  A  radar  ben  m 
therefore  diverges  and  forms  a  lobe,  like  the  one 
in  figure  6-5.  This  is  the  main  lobe  or  beam* 
The  student  should  f l early  understand  that  such 
*  lobe  is  merely  a  convenient  way  of  represent¬ 
ing  the  beam  on  paper;  i;  is  in  no  sense 
a  ‘'picture-'  of  the  beam,  Some  ; the  radiated 
energy  will  be  scattered  outside  the  main  lobe, 
and  will  form  side  lobes,  usually  of  lesser 
inten a Lty ,  and  much  shorter  range*  They  arc 
undesirable  lobes  ibat  exist  in  close  proximity 
so  the  transmitter,  arid  may  confuse  the  :ire- 

controltiuui*  And  the  radiation  docs  not  end 

abruptly  at  a  certain  distance  from  the  frans- 
mitter,  as  the  diagram  implies.  The  lobe,  if  it 
can  l  i  pictured  in  three  1  miens  Lons,  .-an  bo 

thought  of  as  a  surface,  all  parts  of  which 

receive  an  ‘.qua I  amount  ul  energy.  This  can  Ye 
considered  the  minimum  energy  that  is  useful 


•1  ► , «  ’■ 

I 


3ft  J  46 

Figure  ft- 5.—  Lobe  formation  of  radar  beam* 


for  our  purpose  (missile  guidance  or  target 
tracking).  The  lobe  in  figure  ft- 5  is  not  drawn 


■„'i  sc  a  tv*  The  diametvr  of  the  reflector  is  in 
the  order  of  two  feet;  the  length  of  the  lobe  may 
be  from  20  to  50  mites,  lift  useful  width  may  be 
four  or  five  degrees.  At  any  given  distance 
from  the  transmitter,  the  signal  is  strongest 
along  the  axis  of  the  lobe. 

In  a  beam- rider  guidance  ay  stem,  radar 
must  accomplish  two  things;  it  must  track  the 
target,  and  it  must  guide  the  missile.  It  would 
be  difficult  to  do  either  of  these  things  with  a 
simple  lobe  like  the  one  in  figure  8-5+ 


Nutation 


Mutation  is  difficult  to  describe  in  words, 
but  easy  to  demonstrate.  Hold  a  pencil  In  two 
hands;  while  holding  the  eraser  end,  as  still  as 

swing  the  point  through  a  circle.  This 
motion  of  the  pencil  is  mutation,  (The  pencil 
point  •corresponds  to  The  open,  or  transmitting, 

end  of  the  waveguide  antenna J  The  important 

is  that  polarisation  o:  the  beam  is  not 
t  hanged  during  the  scanning  cycle.  This  means 
that  the  axis  of  the  moving  feed  must  not  change 
h  HzoMal  or  vertical  i  r  rental  ion  while  the  feed 
is  moving.  You  might  compare  the  movement  to 
thai  jf  a  ierris  wheel;  the  position  of  The  seats 
must  remain  the  same  regardless  nJ  the  position 
of  the  Wheel. 

MUTATING  WAVEGUIDE. -A  waveguide  is  a 
mstal  pipe,  usually  rectangular  In  cross  sect  Ion, 
which  is  used  tc  conduct  the  r-f  energy  from 

rne  transmitter  to  the  antenna.  The  open  end  of 
toe  waveguide  faces  the  concave  aide  of  the 
reflector,  and  the  r-f  energy  it  emits  is  bounced 
from  the  reflector  surface. 

A  conical  scan  can  be  generated  by  nut&t ion 
i  the  waveguide.  In  Uiis  process*  the  axis  of  the 
waveguide  it  seif  is  moved  th  vouch  a  sms  1 1 
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conical  pattern.  This  three- dim  ensianal  move-  deter  mine  the  direction  and  amount  of  antenna 
meat  in  an  actual  install  at  ion  ol  the  waveguide,  movement  required  to  continue  tracking.  The 
is  fast  and  of  small  amplitude.  To  an  observer,  computer  output  can  be  used  to  control  servo- 
the  waveguide  appears  merely  to  be  vibrating  mechanisms  th.it  move  the  antenna,  so  that  the 


slightly. 


target  will  be  tracked  ACtUratelv  and  auto- 


NUTATING  LOBE.— By  movement  of  cither  manually. 


the  waveguide  or  the  antenna  it  is  possible  to 


When  a  conicallv  scanned  radar  beam  is  used 


generate  a  conical  scan  pattern,  a#  shown  in  for  missile  guidance,  th.-  desired  path  of  the 

figure  fl-G,  The  axis  of  the  radar  Idbe  is  made  missile  is  not  alone  the  axis  of  the  beam,  but 

to  sweep  nut  a  cone  tn  space;  the  apex  of  this  along  the-  ax is  nf  scan.  It  s s  possible  to  produce 

cone  19,  of  course,  at  the  radar  transmitter  a  conical  Sean  by  any  of  several  methods, 

antenna  or  reflector.  At  any  given  distance  from 
the  antenna,  the  path  of  the  lobe  axis  is  a  circle. 

Within  the  useful  range  of  the  beamt  the  inner 
ed£ir  of  the  lobe  ai  all  times  overlap*  the  axis 

of  scan, 


Types  of  Antennas 


DIPOLE.— Although  not  used  by  any  of  the 


Now  assume  that  we  use  &  conically  scanned  newest  modifications  of  our  missiles,  several 
beam  for  target  tracking*  If  the  target  IS  on  the  types  of  missile#  have  used  a  rotating:  dipole 
scan  axis,  the  strength  of  the  reflected  signals  antenna.  The  antenna  was  not  routed  about  Its 
will  remain  constant  ior  change  ;-ra dually  as  the  center,  for  this  would  have  changed  the  polar- 
range  changes).  But  if  the  target  is  slightly  off  ization  as  the  antenna  turned.  Such  a  condition 
the  axis,  the  amplitude  ofthe  reflected  signals  would  have  caused  erratic  control  ofthemis- 


wlll  change  rapidly  acid 


For 


s lie*  The  antenna  is  mounted  in  a  plane  that 


ANTENNAS.—  Lens  Antennas  of  two 
types  have  been  developed  to  provide  easy 


example,  if  the?  target  is  ABOVE  the  scan  axi-s  passes  through  the  focal  point  at  a  right  angle 

the  reflected  signals  will  be  of  max irmiht  strength  to  the  rfifleetpr  axis.  As  the  antenna  rotates  it 

as  the  lobe  sweeps  through  the  highest  part  of  stays  :n  this  plane.  The  same  relative  motion 

its  cone;  they  will  .quickly  decrease  to  a  minimum  c:m.  be  produced  by  having  a  stationary  antenna 

as  the  lobe  sweeps  through  the  lowest  part,  in-  and  rotating  thu  reflector  about  a  point  jfi  Its 

formation  on  the  instantaneous  position  of  the  axis, 

beam  relative  to  the  scan  axis,  and  on.  the 
strength  of  the  reflected  signals,  can  be  fed  to 
a  computer.  This  computer  in  the  radar  may  be  steerability  in  both  azimuth  and  elevation  for 

called  angle  tracking  or  angle  servoctrcuU*  or  tracking  radars,  while  avoiding  the  problems 

angle  error  detector.  If  the  target  moves  off  associated  with  feed  horn  shadow  in  reflector 

the  scan  axis,  the  computer  will  instantly  antenna s.  ( The  shadow  i s  a  deed  spot  directly  In 

front  of  the  feedhorn.  J  These  arc  conducting 
type  and  dielectric  or  delay  type.  They  are  also 
called  microwave  lenses.  The  lens  is  sub¬ 
stantially  transparent  10  micro  waves  but  in¬ 
serts  a  phase  change  over  the  cross  section  of 

the  exit  sid*  of  the  lens  to  make  the  microwaves 
converge  or  diverge.  The  lens  is  placed  in  front 
of  a  point  source  if  r-f  energy,  such  as  a  feed- 
horn.  While  a  feedhorn  is  not  a  ' ‘point rc  s n urc e , 
for  analysis  of  eieetomagnettc  wave  propagation 
it  u  often  considered  as  a  point  source  of  energy. 
The  conducting  type,  which  is  a  wave  guide. 
Is  illustrated  in  figure  fi-TA. 

This  type  accelerates  wav?  transmission  as 

it  pass  s  through  the  lens.  It  consists  of  flat 
metal  strips;  placed  parallel  to  the  electric  field 

of  the  wave  and  spaced  slightly  in  excess  of  one- 
half  of  a  wavelength.  To  the  wave  these  strips 
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each  hypothetical 


re  0-6. 


lobe,  conical  scanning,  waveguide  having  a  dimens  loti  in  a  direction 
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wt  parsing  through  the  lens  is  determined  by 
the  dielectric  constant  or  refractive  index  of 
the  material.  In  most  cases,  artificial  dielec¬ 
trics  consisting  oj  c  oiaiuc  ting  rodje  or  spheres 
rhnr  in?*.  small  compared  to  the  wavelength  are 
used.  Artificial  dielectrics,  or  conducting  in¬ 
sulators,,  used  in  r-f  transmission  systems  nr* 
covered  in  Basic  Electronics,  \avPer-;  I0087-A, 
In  t tit  s  case  the  inner  portion  of  t.ne  transmit!  tfl 
wave  is  decelerated  for  a  longer  interval  Of 
time  than  the  outer  portions. 

In  a  lens  antenna  the1  exit  side  of  the  lens 

can  he  regarded  as  an  aperture  across  which 
there  is  a  field  distribution.  This  field  acts  as 
a  source  Of  radiation  just  as  fields  across  the 

mouth  of  a  reflector  or  horn-  For  a  returning 
echo  the  reverse  effects  take  place  in  the  lens. 

It  ran  be  seen  that  the  reflector  uses  the 
law  of  reflection  while  the  lens  uses  the  law 
of  refraction.  The  rear  feed  arrangement  of  the 
lens  antenna  eliminates  spillover  radiation  in 
the  ba ckvarcl  direction,  Also,  ihLi  arrangement 
puts  the  radiator  nut  ol  the  path  of  the  beam, 

thus  reducing  shadows. 

MISSILE  RECEIVER.— The  purpose  off  the  re¬ 
ceiving  ante  an  a  r  located  in  the  missile.  was  de¬ 
scribed  briefly  :.t  tht  be-ginming  >i  this  chapter. 
Figure  S-S  shgw.s  tli e  location  cf  receiver 
antennas  in  a  beam-rider  missile,  near  the  con¬ 
trol  surfaces.  In  some  missiles  the  antennas  are 
part  of  the  elect rotiics  section-.  The  ftjfict Ion  of 
th  e  missile  r eo  e iver  Is  to  r  ec  e  Lv  c  the  s  Lgna  Is 
frotr;  the  radar  transmitter,  amplify  and  rectify 
the  signals  and  feed  them  to  the  missile  com* 
puter.  In  order  to  keep  the  receiver  in  tunc 
with  the  guidance  transmitter,  a  s  yste  m  of  ant  o- 
matte  frequency  c  ntrnl  is  used  in  the  receiver. 
This  is  to  reduce  accv|  tince  >f  stray  signals  Or 
countermeasure  si^naLa.  The  automatic  fre¬ 
quency  control  kefips  the  receiver  intermediate 
frequency  from  drifting. 
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Lgure  8- 7 . Antenna  lenses:  A* 

(acceleration)  type  microwave  lens; 
strip  (delay  )  type  microwave  lens. 


perpendicular  to  the  electric  field  corres^o rid¬ 
ing  to  the  spacing  between  the  parallel  Strips. 

rhe  velocity  of  phase  propagation  of  a  wave  is 
greater  in  a  waveguide  than  in  air.  This,  since 
the  lens  is  concave,  the  outer  portions  of  the 

transmitted  spherics)  wave  are  accelerated  for 
a  longer  interval  of  time  than  the  inner  portion. 
The  spherical  waves  will  emerge  at  the  exit  side 

Of  (tie  lens  lens  aperture)  as  flat- f rented  parallel 

waves*  The  waveguide  type  lens  is  frequency 

sensitive- 

The  other  type  lens  is  the  dielectric,  or 
metallic  delay  lens,  shown  in  figure  8“7B,  The 
delay  Ians,  as  its  name  implies,,  slows  down  the 

phase  propagation  as  the  wave  passes  through  the 

lens.  This  lens  it-  convex,  and  consists  c  f  di¬ 
electric  material.  The  delay  in  the  phase  of  the 
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in  addition  to  radiating  and  focusing  energy 
Into  a  narrow  circular  beam,  the  antenna  sys¬ 
tem  must  provide  a  means  for  searching  for  a 
target  and  for  deter  mini  tig  its  position.  This 
process  is  called  scanning  or  lobi ng ♦  Losing 
can  be  divided  into  two  bro&d  categories— 

(1)  sequential  lobEng  and  (2  *  simultaneous  lob- 

kng.  Examples  oF  sequential  loblng  are  conical 
scanning  and  lobe  switching.  Simultaneous  lob- 
ing  is  best  Illustrated  by  a  fairly  recent  loblng 
technique  called  monopulse*  We  shall  discuss 
this  method  in  considerable  detail  later.  But 
first  a  brief  review  of  more  familiar  scanning 
processes  is  in  order  SO  that  you  can  set  how 
and  why  monopulsing  was  developed. 


glow  and  inaccurate,  and  would  be  limited  by 
conditions  of  visibility.  An  automatic  tracking 

system  requires  that  the  beam  SCAN1,  or 
starch,  the  target  area. 

Again,  assume  that  a  missile  is  riding  the 
axis  of  a  simple  beam*  The  strength  of  the 
signals  it  receives  (by  means  ol  a  radar  re¬ 
ceiver  in  die  missile)  will  gradually  decrease 
as  its  distance  from  the  transmitter  increases. 
If  the  signal  strenEth  decreases  suddenly,  the 
missile  will  know  that  it  is  no  Ioniser  on  the 
axis  of  the  lobe.  But  it  will  NOT  know  which 
way  to  turn  to  get  back  on  the  axis,  A  simple 
beam  does  not  contain  enough  information  for 
miggile  guidance. 

D  oubl  *■  Lobe  Sy  st  cm 


Stationary  Lobe  and/or  Single 
Lobe  System 

A  single  lobe  system  is  the  simplest  form 

or  sequential  loblng.  A  stationary  lobe  cannot 
satisfactorily  track  a  moving  air  'argot,  let 
alone  simultaneously  provide  guidance  informa¬ 
tion  to  the  missile. 

Assume  that  a  target  is  somewhere  on  Ihc 
lobe  axis,  and  that  the  receiver  ia  detecting 
signals  reflected  from  the  Target,  IF  the  3c 
reflected  signals  decrease  in  strength.  It  will 
be  apparent  that  the  target  has  flown  off  the 
axis,  arid  that  the  beam  must  be  moved  to 
continue  tracking.  The  beam  might  be  moved 
by  an  operator  who  is  tracking  the  target  with 
an  optical  sight;  but  such  tracking  would  be 


The  double-lobe  system  multiplies  by  several 
times  the  accuracy  obtainable  with  a  single- lobe 
system.  The  double- lobe  system  employs  two 
overlapping  beams.  For  ease  of  Illustration, 
assume  That  two  antennas  are  used  side  by  side. 
Two  signals  are  obtained  when  ihe  beams  cross 
a  target,  one  from  each  beam.  On  the  radar- 
scope  they  appear  either  side  by  side  dr  back  to 
back.  The  two  signals  are  the  same  amplitude 
Only  when  the  target  is  cm  the  line  of  intersec¬ 
tion  of  the  two  beams,  as.  in  figure  S-fl.  The 
operator  rotates  the  antennas  until  Ihc-  signals 

,  At  this  point,  he 


are  matched  in  a 
knows  thal  the  targe!  lies  on  tile  LINE  OF  IN¬ 
TERSECTION  of  the  two  beams..  The  target  is 

located  ■in  the  basis  of  returns  from  the  side  of 
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Figure  8-9  .-Double- lobe  system,  showing  relation  between  axis 

of  Intersection  and  target  bear  trig. 
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each  lobe,  where  a  small  change  in  position  re- 


Figure  S-10  represents  a  missile  below  the 


suits  In  a  large  change  Ir  signal  amplitude,  scan  axis  of  the  guidance  beam.  The  path,  of 
Therefore,  It  the  antennas  a r#  moved  tn  either  the  lobe  axis  is  a  circle.  The  amplitude  of 
direction  away  from  this  angle,  one  of  the  slg-  the  radar  signal  is  at  a  maximum  along  the 
naJs  increases  greatly  in  amplitude  and  the  other  axis  of  the  lobe.  As  the  lobe  axis  sweeps  near 
decreases.  You  can  see  that  a  greater  decree  the  missile,  the  signal  will  be  strong  as  It 
of  accuracy  can  be  obtained  in  this  way.  sweeps  away  from  the  missile,  the  signal  will 

Besides  greater  accuracy,  the  double-lobe  decrease.  To  the  missile1,  it  will  appear 
system  has  another  advantage  Over  the  single-  the  signal  strength  is  regularly  changing  in 
lobe  system.  By  watching  to  see  which  of  the  amplitude  at  the  same  frequency  a  a  that  of  the 

two  signals  Increase*  in  amplitude  as  the  an-  scan  cycle. 


tenra  is  rotated  a  few  degrees,  the  operator  can 


The  missile  receiver  is  provided  with  a 


tell  the  direction  the  antenna  must  be  moved  to  detector  which  eliminates 


r-1  carrier 


reach  the  on-target  position 
Missile  Response 


frequency  and  produces  an  a-m  sine  wave  sig¬ 
nal  of  the  ftcan  frequency.  When  this  a- in 
signal  is  present,  the  missile  knows  that  it  is 


A  beam- riding  missile  must  guide  itself  to  OFF  the  scan  axis  of  the  beam.  When  the  a-m 
the  targei  by  following  the  sun  axis  of  its  signal  is  absent,  the  missile  knows  that  it  is 
guidance  beam.  How  does  the  missile  deter-  ON  the  axis.  To  see  this  clearly,  look  at 

mine  whether  or  not  it  is  on  the  scan  axis? 

The  only  guidance  information  available  to  the 


re  8- 10  and  imagine  the  missile  on  the 
scan  axis.  It  U  now  at  the  same  distance  fro 


missile  is  that  contained  in  the  beam.  From  the  lobe  axis  throughout  the  scan  cycle,  and 
this  information,  the  missile  guidance  system  the  amplitude  of  the  r-f  signal  it  receives 
must  determine  three  things:  (1}  whether  or  remains  constant. 


not  the  missile  is  on  the  beam  axis:  ‘2  if  not, 


From  the  AMPLITUDE  of  the  a-m  signal. 


how  far  it  U  off  the  axis,  and  (3)  which  way  the  missile  can  determine  how  far  It  is  from 


to  go  to  get  back  on  the  axis.  The  first  and 


third  requirements  are  fairly  obvious 


The 


the  scan  axis.  When  the  missile  is  on  the 
axis,  tile  amplitude  of  the  a-m  signal  is  zero, 


necessity  for  measuring  the  AMOUNT  □£  error  Indicating  zero  error*  if  it  is  only  a  short 


is  less  apparent* 

During  the  early  stages  of  guided 


development,  one  of  the  more 

iems  was  "  overshooting/ T 


distance  from  the  scan  axis,  it*  distance  froth 
the  lobe  axis  changes  only  slightly  during  the 


serious 
When  a  missile 


moved  off  course. 


received  a  signal  in¬ 


tended  to  correct  the  error,  ii  would  turn  l.ack 
toward  the  course,  but  overshoot  and  go  too 
far  in  Ihe  opposite  direction.  This  effect  was 
caused  by  the  lag  in  the  response  of  the  con¬ 
trol  system  to  guidance  signals,  and  in  the 
response  of  the  missile  itself  to  movement  of 
its  control  surfaces.  For  practical  purposes, 

this  problem  has  been  solved  by  the  use  of 
error  signals  proportional  in  magnitude  to  the 
errors  they  are  mi  ended  to  correct*  Thus,  if 
a  missile  is  far  from  the  beam  axis  it  will 
generate  a  large  error  signal,  and  its  control 
surfaces  will  be  turned  through  a  relatively 
large  angle.  Buij  as  the  missile  moves  back 
toward  the  beam  axis,  Its  error  signal  steadily 
decreases,  and  the  angle  of  its  control  sur¬ 
faces  is  decreased  accordingly.  At  the  instant 
the  missile  reaches  the  beam  axis,  its  control 
surfaces  will  fin  theory  at  least)  have  reached 
their  neutral  position,  and  overshooting  will 

be  prevented* 
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Figure  8- 10.—  Missile  below  the  scan  axis. 


190 


Chapter  8— BEAU-RIDER  GUIDANCE 


scan  cycle.  The  a-m  signal  will  thus  be  small t 
Indicating  a  small  error.  Now,  looking  at 
figure  §-10,  imagine  the  missile  at  some  point 

on  the  circular  path  of  the  Irbe  axis.  The 
variation  Ln  its  distance  from  the  lobe  axis 
during  the  scan  cycle  is  now  at  a  maximum. 
The  a* m  signal  will  also  be  at  a  maximum, 
producing  the  maximum  error  signal  and 
maximum  movement  of  the  control  surfaces. 

■It  is  apparent  that  il  the  missile  moves  to 

a  point  OUTSIDE  the  circular  path  of  the  lobe 

axis,  the  error  signal  will  decrease.  Put  This 

does  not  happen  in  practice,  unless  the  miasi.e 

ie  defective,  The  guidance  and  control  sys¬ 
tems  are  too  sensitive  to  allow  so  large  an 
error  to  develop.) 

Using  Two- Lobe  Scanning  System 

How  the  missile  determines  Ehe  DIRECTION 

of  its  error  can  best  be  explained  in  two  steps. 

Figure  8-11  shows  an  imaginary  scanning  sys¬ 
tem  in  which  the  lobe  of  radar  energy,  instead 
of  sweeping  out  a  cone,  lias  only  two  positions — 
up  or  down.  The  two  lobes  are  transmitted 
alternately.  The  figure  Shows  the  missile 
below  the  scan  axis,  near  the  axis  Of  die  lower 
lobe.  The  misfile  will  receive  signals  from 
both  lobes,  but  those  from  the  lower  lobe  will 

be  of  greater  amplitude.  If  we  can  provide  tile 

missile  with  some  means  for  distinguishing 
between  the  two  lobes,  so  that  it  can  tell 
WHICH  ONE  has  the  stronger  signal,  it  can 
determine  the  direction  of  its  error.  For 
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Figure  8- 11*— Two- Lobe  scanning  system. 


example,  if  the  missile  in  figure  8-11  can  de¬ 
termine  that  it  is  the  LOVSTSH  lobe  that  has  the 
stronger  signal,  it  will  know  that  it  must  move 
□p  to  get  hack  on  the  scan  axis* 

There  are  two  fairly  simple  ways  m  which 
we  ran  Identify  tin  two  lobes  so  that  the  mis- 
s  il  e  ca  n  d  ist  l ng  msb  be  i  w e eh  [lie  m .  We  cannot  * 
■3d  course,  make  them  of  different  amplitude, 
since  a  missile  on  the  scan  axis  would  then 
detect  a  false  error  signal*)  Beam-  rider 

radar  transmission  consists  of  an  extremely 

high -frequency  carrier  wave,  which  is  trans¬ 
mitted  in  short  bursts,  or  pulses,  separated 
by  periods  ol  no  transmission.  The  pulse 
repetition  rate  is  ordinarily  in  Tin  Order  of 
from  one  to  a  few  thousand  per  second.  We 
can  identify  the  two  lobes  shown  in  figure  8-11 
by  makinp  them  differ  either  in  carrier  fre¬ 
quency  or  in  pulse  repetition  frequency*  In 
either  case  die  missile  could  easily  be  pro¬ 
vided  with  a  means  for  distinguishing  between 
them,  and  could  Then  determine  the  direction 
of  its  error* 

Thus  the  imaginary  two- lobe  scanning  sys- 

"■  •  ••  *  wr 

tern  could  be  used  for  guiding  a  beam  rider  in 
a  vertical  plane,  if  we  add  two  additional 
lobes,  carh  of  which  the  missile  can  distinguish 
from  the  other  two,  it  would  also  be  possible 

to  guide  the  missile  to  right  or  left.  It  should 
now  be  apparent  that  we  can  guide  the  missile 

in  any  direction  by  using  a  conical  scan, 

Conical  Scanning 


Look  back  at  figure  6-10*  Assume  that  we 


or  the  pulse  rale)  sinusoidally  at  the  scan 

frequency*  Assume  that  when  the  lobe  is  at 

its  highest  point,  the  signal  frequency  Is  at  a 
maximum.  As  it  moves  around  to  the  right 

side  of  it  ft  circular  path,  the  signal  frequency7 
decreases  10  its  average  value.  At  the  lowest 

position  of  the  lobe,  the  signal  frequency  is  at 
a  minimum.  It  increases  To  average  value  as 
the  lobe  approaches  the  left  side  of  its  path, 
and  to  ll  maximum  as  it  returns  to  its  highest 
position.  Thus  the  signal  of  the  guidance  beam 
is  frequency  modulated  at  the  scan  frequency* 
Note  that  the  f-m  signal  Is  always  present  at 
the  missile,  regardless  of  whether  it  is  on  or 
off  the  scan  axis. 


The  missile  receiver  is  provided  with  an 

J-m  section,  the  output  of  which  is  a  sine  wave 

That  indicates  the  instantaneous  position  of  the 
lobe  in  its  scan  cycle.  The  sine  wave  will 
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have  a  maximum  positive  value  when  the  sig¬ 
nal  frequency  is  maximum;  It  will  nsss  through 
zero  ns  the  signal  passes  through  ice  average 
frequency;  it  will  reach  its  maximum  negative 
value  when  the  signal  frequency  is  at  a 
minimum. 

The  missile  can  determine  the  direction  of 
its  error  by  comparing  the  phase  of  the  f-  m 
signal  with  that  of  the  a-m  signal*  Refer  to 
figure  £-10  agaui;  hers  the  missile  1 a  directly 
below  the  scar  a  sis.  The  a)  goal  will  be  strong¬ 
est,  and  the  a-m  signal  will  reach  its  maximum 
positive  value,  as  the  lobe  passes  through  its 
lowest  point,  A:  that  time  the  nigral  frequency 
will  be  minimum,  and  the  f-m  signal  will  he 
at  Its  maximum  negative  value.  Thus  the  two 
signals  arc  160°  out  of  phase.  If  the  missile 
were  above  the  scan  axis,  the  a-m  siznal  would 
he  strongest  si  the  ir.stant  when  the  f-m  siij’.al 

reached  its  highest  frequency.  Both  signals 
would  be  at  their  maximum  positive  value,  and 
therefore  exactly  in  phase.  There  is  a  definite 

phase  relationship  for  every  off-axis  position 
of  the  missile.  If  the  missile  is  directly  to  die 

right  of  the  axis,  the  f-m  signal  leads  the  a-m 

signal  by  SO*;  if  it  is  directly  to  the  left,  the 

f-m  signal  lags  90* behind  the  a-m. 

Phase  eomparla-DEi  is  a  fairly  easy  job  for 
an  electronic  computer  *  The  computer  has 
been  designed  to  measure  the  phase  relation¬ 
ship  to  deter mttie  the  direction  in  which  die 
missile  must  move  bo  return  to  the  scan  axis 
and  to  send  the  necessary  orders  to  the  control 
system.  The  control  system  In  burn,  moves  the 
control  surfaces  to  change  the  missile  course 
in  the  required  direction. 

To  summarize.:  The  guidance  beam  is 

conically  scanned,  and  frequency- modulated  at 
tile  scan  rate.  If  she  itusaile  detects  an  a-m 
signal,  it  will  know  that  it  Is  off  the  scan  axis; 
if  It  detects  no  a-m  signal,  It  will  know  that  it 
i«E  on  the  axis.  The  amplitude  of  the  a-m  signal 
indicates  the  st£e  of  the  error.  A  large  error 
will  produce  a  large  movement  of  the  missile 

control  surfaces.  As  the  missile  approaches 
the  beam  axis-  the  error  decreases,  and  the 
position  of  the  control  surfaces  gradually  re¬ 
turns  to  neutral  to  prevent  overshooting.  The 
phase  r  el  a’  ion  between  the  a-m  and  f-m  signals 
indicates  the  direction  of  the  error. 

Lobe  Switching  or  Sequential  Lobing 


moved  by  the  operator,  and  at  the  same  time  he 
must  compare  the  signals.  With  fixed  or  slow- 
moving  turrets  he  car.,  with  practice,  perform 
these  functions  efficiently;  however,  when  a 
target  flies  at  a  high  speed,  it  is  almost  im¬ 
possible  for  a  human  being  to  do  all  the  func¬ 
tions  required  for  precise  target  tracking  .Hid 

direction  finding.  Some  World  War  II  fire 
control  radars  overcame  this  problem  by  using 
one  antenna  and  a  motor  drive  device  to  switch 
lobes  without  moving  the  antenna.  When  this 

technique,  called  lobe  switching,  is  used,  lob- 
mg  takes  place  at  a  rapid  rate;  thus  more 
signal  amplitude  comparisons  can  be  madia  in  a 


given  time. 

Briefly,  this  is  how  the  system  works  to 
provide  target  direction  in  the  horizontal  plane. 
The  antenna  produces  two  beams,  one  at  a  time, 
switching  rapidly  from  ant  to  the  other,  The 


fet^l  is  alternately  changed  in  phase  to  create 
the  double- lobe  effect.  This  phase  gifting  le 

done  mechanically  or  electrically  by  switching 
feed  lines,  which  eliminates  the  need  for  two 
antennas  and  two  receivers.  The  directions  of 


the  two  Lobes  differ  by  a  small  angle  equal  to 
about  one  beam  width.  Signals  are  returned 
to  the  radar  as  each  beam  strikes  the  target. 
When  the  two  echoes  are  compared,  the  strength 
of  one  with  respect  to  the  >ther  depends  jpon 
the  position  of  the  target  in  relation  to  Lhc 
antenna  direction,  as  shown  in  figure  6-12. 

The  returning  signals  are  equal  in  strength 

only  when  the  reflecting  obiect  lies  on  the  line 
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In  cither  single-  or  double* lobe  scanning, 
described  above,  the  antenna  or  antennas  are 


Figure  a- 12 .—Lobe  switching 
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l] isect t ng  the  angle  of  intersection  of  the  two 
lobes,  1:'  tJv  target  is  situated  on  either  side  of 
itiis  line,  the  echoes  differ  In  amplitude  m  such 
a  way  as  to  indicate  whether  it  is  to  the  left  or 
to  the  right  of  the  antenna  direction*  The  two 

signals  are  compared  visually,  and  the  radar 
operator  moves  his  train  handwheels  to  adjust 
the  antenna  direction  for  equal  amplitudes  of 

the  received  signals,  To  track  an  air  target,  a 

second  pair  of  beams  is  used  to  determine  tar¬ 
get  elevation.  These  beams  are  lobed  in  a 
vertical  plane* 

When  Lobe  switching  is  used  however,  the 

process-  itself  introduces  mechanical  and  elec¬ 
trical  problems  which  reduce  the  reliability 
and  tracking  accuracy  of  the  radar.  The 
limitations  Just  mentioned  spurred  the  devel¬ 
opment  of  newer  techniques  to  be  Used  with 

automatic  tracking  circuits*  Conical  scanning 

was  the  result  of  this  development  program, 
II  provides  the  three-dimensional  sequential 
tabling  necessary  to  determine  a  target’s  posi¬ 
tion  and  to  track  it  with  high  precision. 
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Figure  6-13.— Me  nopul  so 

radar  scanning 


The  amplitude  of  returned  signals  received 

by  each  horn  is  continuously  coinpa red  with  thQ&e 

received  tn  the  other  horns,,  and  error  signals 
arc  generated  which  indicate  The  relative  posi¬ 
tion  of  the  target  with  respect  t<  tin  axis  of  the 
team.  Angle  servo  circuits  receive  tlmsc  error 

signals  and  correct  the  position  of  the  radar 

beam  to  keep  the  beam  axis  on  tai^et. 

The  traverse  (train)  signal  is  made  up  Of 
signals  from  horns  A  and  C  added  and  from 

horns  B  and  D  idd',d,  By  waveguide  design  the 

sum  of  B  and  D  is  made  180s  out  of  ptuise  with 
the  sum  A  and  C,  These  two  are  combined  and 
the  traverse  signal  is  the  difference  of  (A  *  C)  - 
(E  +E>).  Since  the  horns  are  positioned  as  shown 
in  figure  8-14,  the.-  relative  amplitudes  of  the 
horn  signals  give  an  indication  of  the  magnitude 
Of  the  traverse  error.  The  elevation  signal 
consists  of  the  signals  from  horns  C  and  D 
added  160”  out  of  phase  with  A  and  B,  i.e*, 
(A  -  B )  -  :C  +Dj.  The  sum  Or  range  signal  is 
composed  of  signals  from  all  four  feedhorns 
added  together  In  phase,  It  provides  a  ref¬ 
erence  from  which  target  direction  from  the 
center  of  the  beam  axis  is  measured.  The 
range  signal  is  also  used  as  a  pha&c  reference 
for  the  traverse  and  elevation  error  Signals, 
The  traverse  and  elevation  error  signals 
are  compared  in  the  radar  receiver  with  the 

range  or  reference  signal*  The  output  of  the 
receiver  may  be  positive  or  negative  pulses, 
die  amplitude  of  which  is  proportional  to  the 
angle  between  the  beam  axis  and  a  line  drawn 
to  the  targe":.  The  polarity  Of  the  output  pulses 
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The  methods  of  scanning  that  you  have  just 
studied  arc  sometimes  called  sequential  loblng, 

because  taruet  Information  must  be  gathered 

from  a  scries  or  sequence  of  pulses.  Another 
scanning  technique,  called  monopulse  or  simul¬ 
taneous  lobing,  cat.  obtain  Information  on  target 
range,  hearing,  and  elevation  from  a  single 
pulse. 

For  target  tracking,  the  radar  discussed 
here  produces  a  narrow  circular  beam  of 
pulsed  r-f  energy  at  a  high  poise  repetition 
rate.  Each  pulse  is  divided  into  Jour  signals 
which  are  equal  in  amplitude  and  phase.  The 
tour  signals  am-  radiated  ai  the  same  time  from 
each  of  four  feed  horns  grouped  tn  a  cluster  as 
shown  in  figure  8-13.  The  radiated  energy  is 
focused  into  a  beam  by  a  microwave  lens  of  the 
type  mentioned  previously*  Energy  reflected 
from  targets  is  refocused  by  the  lens  into 

the  leedhorng.  The  amount  of  the  total  energy 

received  by  each  horn  will  vary,  depending 
on  the  position  of  the  target  relative  to  the 
beam  axis.  This  is  illustrated  In  iigure  B-14 

for  four  targets  at  different  positions  with 
respect  to  the  beam  axis*  Be  sure  to  notice, 
and  remember,  that  n  phase  inversion  takes 
place  at  the  microwave  lens  similar  to  the 
linage  Inversion  fn  an  optical  system. 
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Figure  &-14*— Momopulse  scarming— amplitude  changes  of  received  energy  with  target  position. 


indicates  whether  the  target  is  above  or  below, 
to  the  right  or  to  the  left  of  the  beam  axis. 
Of  course,  if  the  target  is  directly  an  the  line 
oi  sight,  the  output  of  the  receiver  is  aero, 

and  no  angle  tracking  error  is  produced* 

An  important  advantage  of  a  monopulse 
tracking  radar  aver  one  using  conical  scan  is 

that  the  instantaneous  angular  measurements 

arc  not  subject  ta  errors  caused  by  target 
scintillation.  ;As  the  target  maneuvers  or 
moves,  the  radar  beams  bounce  off  different 


areas  of  the  target  and  cause  random  reflectiv¬ 
ity  which  may  lead  to  tracking  errors.1  A 
mon  ipulse  tracking  radar  is  not  subject  tt  this 

error  because  each  pulse  provides  an  angular 
measurement  without  regard  to  the  rest  of  the 
pulse  train;  no  Cross-section  fluctuations  can 
affect  the  measurement. 


An  additional  advantage  of  monopuLae  track¬ 
ing  is  that  no  mechanical  action  is  required, 


such  as  a  whirling  scanner  to  ac commodate 
while  trying  to  do  precise  tracking* 

CONTROL  AND  TRACKING 
RADAR  TRANSMITTERS 

A  missile  fir#  control  s y stem  may  use  two 
separate  radar  sets  to  perform  the  tracking  and 
guidance  functions*  When  sets  are  grouped  in 
this  manner,  a  separate  synchronizer  unit 
teal  led  a  master  synchronizer )  is  used  to 
generate  timing  pulses  for  each  radar  get  and 
to  coordinate  their  operation* 

The  transmitter's  purpose  la  to  generate 
and  deliver  pulses  or  continuous  waves  of  r-f 

energy  to  the  antenna  system  -where  it  is 
radiated  into  space.  Missile  fire  control  radars 

usually  operate  in  the  C-band,  with  a  frequency 
range  from  approximately  5400  to  SOCK)  me, 

Transmission  may  be  by  pulse  radar  method, 
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continuous  wavp  (c-v)  m  ethod,  or  a  combination 
puls-e-Doppler  radar  method,  A  pulse  radar 
transmitter  generates  a  very  short  pulse  of 
high  energy  radio  frequency.  The  pulse  radar 

can  measure  range  accurately  and  can  detect 

both  stationary  and  moving  targets. 


In  a  o-w  radar  set,  the  transmitter  gen¬ 
erates  a  continuous  wave  of  r-i  energy,  which 
is  radiated  from  the  antenna.  When  the  radiated 
energy  strikes  a  target,  a  portion  oJ  the  energy 
is  reflected  back  and  is  picked  up  by  the 
receiver  antenna.  if  the  target  is  moving 
toward  the  tranamiiter,  die  frequency  of  the 
echo  is  higher  '.han  the  transmitted  frequency; 

if  the  target  is  moving  away,  the  echo  frequency 

is  less  than  the  transmitted  frequency.  If 

the  target  Is  not  moving,  the  frequency  is  not 

Changed,  The  Shift  in  the  frequency  of  the 
reflected  energy  is  due  to  the  characteristic 

of  wave  motion  called  the  Doppler  effect  {dis¬ 
cussed  previously),  or  Doppler  shift.  This 
difference  Is  used  for  target  detection.  An 

experienced  operator  can  obtain  much  informa¬ 
tion  about  the  target,. 


The  pul s e-Doppler  radar  combines  the  best 


features  of  the  c-w  and  pulse  radar. 


The 


pulse-Dbppler  method  uses  high  frequency  C-w, 

in  the  form  of  short  hursts,  or  pulses.  The 
pul.se  repetition  rate  (PRH)  is  much  higher 
than  that  nf  a  conventional  pulse  radar,  and  the 
pulse  length  is  longer.  The  puls  e-Doppler 
technique  makes  it  possible  to  track  targets 
through  unrelated  noise  and  clutter  that  would 
mask  the  targets  for  a  conventional  pul.se  radar. 

The  c-w  radar  cannot  be  used  to  measure 
range  of  the  target,  but  pulse- Doppler  radar 


can. 

Basically,  the  transmitter  ifc  an  r-f  oscil¬ 
lator  that  uses  magnetrons,  klystrons,  Ur  'rav¬ 
eling  wave  tubes  to  generate  microwave  energy. 
The  operation  of  the  transmitter  is  controlled 
by  a  signal  received  from  the  synchronizer. 
Strictly  speakkig,  control  of  the  transmitter, 
such  as  turning  it  on  and  off,  is  provided  by  a 
section  within  the  transmitter  called  the  modu¬ 
lator.  In  pulse  and  pul  SC -Doppler  radars,  the 
modulator  is  a  special  circuit  designed  to  sup¬ 
ply  power  to  the  r-f  oscillator  when  it  receives 

the  appropriate  signal  from  the  synchronizer. 

C-w  radar  transmitters  are  also  controlled 
by  a  modulator,  which  may  have  another  name, 

bui  ita  purpose  is  the  same— to  superimpose 
intelligence  on  the  carrier.  Coding  the  illumi¬ 
nating  signal  prevents  hie  missile  from  homing 


on  a  target  Ilium  rated  by  a  radar  other  than 

the  missile's  companion  illuminator. 

The  transmitter  section  of  the  control  radar 
provides  coded  pulse  groups  of  r-f  energy  to 
the  antenna  (fig-  0-15A),  The  modulator  re¬ 
ceives  the  coded  pulse  groups  and  provides 
triggers  to  the  magnetron  to  cause  it  to  oscil¬ 
late  for  the  duration  of  each  individual  pulse. 

The  r-f  pulses  then  go  to  the  antenna  where 
they  arc  radiated  into  space.  The  transmitting 
antenna  or  waveguide  is  nutated  at  the  same 
rate  as  the  tracking  radar  antenna  by  a  nutation 
motor.  If  desirable,  a  reference  generator  is 
mechanically  coupled  to  the  nutation  motor  to 
provide  a  reference  signal  to  the  synchronizer 

to  vary  the  PRR,  Figure  8-15A  is  a  block 
diagram  of  a  typical  control  radar  including 
the  nutation  motor  and  reference  generator. 
Figure  6-15B  is  a  block  diagram  of  a  typical 

tracking  radar. 

The  operation  of  fire  control  radars  differs 
from  that  of  most  search  radars  in  that  a 

single  object  is  tracked. 


OVER-THE-HORIZON  RADAR 


One  of  the  factors  limiting  the  effective 
range  of  the  radars  described  is  the  curvature 
of  the  earth.  Increasing  the  height  of  either 
the  transmitting  or  receiving  antenna  will  in¬ 
crease  the  effective  range.  Thus  it  appears 
that  a  missile,  because  of  the  altitude  at  which 
it  travels,  can  be  controlled  at  extremely  long 
range.  But  this  is  not  true.  The  transmitter 


power  necessary  to  deliver  a  satisfactory  con¬ 
trol  signal  increases  rapidly  with  distance. 
Therefore*  for  long  range  missiles,  a 
beam- rider  guidance  system  would,  be  unsatis¬ 
factory.  These  limitations  can  be  overcome  by 
using  beam- rider  guidance  during  the  first  part 
of  the?  missile  flight,  then  switching  to  a  different 
guidance  system  before  the  missile  flies  beyond 
control  of  the  radar  beam. 


Tins  method  of  extending  the  range  has  been 

used  for  some  of  our  missiles.  However, 
missile -makers  have  not  been  content  with  this 


expedient.  Work  has  been  carried  on  for  a 
number  of  years  to  produce  a  radar  system 
that  could  look  over  the  ho riaon,  and  a  break¬ 
through  has  been  announced.  This  may  obsolete 

all  the  line- of- sight  radars  now  in  use.  The 
Naval  Research  Laboratory  has  produced 
system  called  Madre  (magnetic  drum  receiving 
equipment),  and  another  one  called  Teepee 

(so-called  because  tile  electromagnetic  wave 
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Figure  ft- 15,  —Block  diagrams  of  weapon  system  radars:  A,  Control  radar;  B,  Tracking  radar  * 


follows  a  path  that  looks  like  3  row  oi  Indian 
tents).  Industrial  firms  have  also  been  dev  elop¬ 
ing  similar  systems,  They  all  operate  by 
bounding  signals  off  the  ionosphere.  Technical 

details  of  the  operation  have  not  been  made 
public. 

SYSTEM  OPERATION 

Each  component  of  a  weapon  system  must 
function,  properly  if  the  weapon  (missile-  or 


other  type!  is  tc  achieve  its  purpose  oi  destruc¬ 
tion  of  the  target.  Radars  used  in  the  system 
have  been  classified  according  to  the  type  of 

modulation  used*  the  method  of  scanhing,  their 
general  or  specific  use,  or  the  method  of 
Transmission.  Tharp  are  other  bases  ofclassl- 
JicationT  but  these  are  the  dues  most  com¬ 
monly  used.  According  to  specific  use,  we 
have  search  rada.-s,  tracking  radars,  and  con¬ 
trol  or  guidance  radars,  dearch  radars  scan 

die  surface  and  the  sir  for  possible  approaching 
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t  ar  £  0  tfi .  When  a  p03  aiblc  target  has  be  en  dec  c  cie  d 

a  trading  radar  is  assigned  to  it. 


TRACKING  RADAR 

The  tracking-  radar  furnishes  information 

as  to  the  position  oi  the  target.  All  target 
position  rc-fcronc.es  arc  made  with  respect  to 

the  scan  axis  of  the  tracking  lobe. 

The  amount  of  energy  in  The  beam  falls  off 
rapidly  at  points  away  from  the  center  of  the 
lobe,  figure  y-16  shows  the  relative  amounts 
of  energy  transmitted  at  various  angles  eq  one 
side  of  the  l obi'  axis.  Because  of  the  variation 
in  transmitted  energy,  there  will  he  o  corre¬ 
spond  i:ig  variation  in  the  strength  oc  signals 
reflected  by  targets  at  various  angular  dis¬ 
tances  from  the  center  of  the  lobe. 

The  tracking  system  is  auto  m  &  tie.  After 
the  tracking  radar  has  acquired  the  target, 
tracking  is  maintained  without  the  help  of  a 
human  operator.  But  the  action  of  the  tracking 
system  Is  monitored  by  an  observer,  who  may 
take  over  and  track  the  target  manually  if  the 
automatic  system  fads. 


Display  of  Information 

At  the  monitor  station  (fig,  6-1,  part  2) 
indications  of  target  position  relative  E o  The 


On  two  cathode-ray  tubes  (CRTs)  mounted  in 
display  consoles.  Figure  0-17  shows  how  che 
vertical  position  of  the  target,  relative  to  the 
Stan  axis,  is  presented  On  a  CRT.  In  figure 
8-17.4,  clio  target  is  on  the  scan  axis*  Rem  um¬ 
ber  that  the  tracking  lobe  is  scanning  a  conical. 

pattern  in  space,  The  tote  Is  shown  in  the 
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Figure  B-I6,— Variation  in  radiated  energy 

with  distance  from  lobe  axis. 


highest  and  the  lowest  positions  oi  its  scan 
pattern.  For  each  of  these  two  positions*  the 
CRT  produces  a  pip,  the  height,  of  which  is 
proportional  to  the  strength  of  the  reflected 
signal,  Since  the  two  pips  arc  of  equal  height, 
they  indicate  that  the  reflected  signals  arc  of 

equal  strength  when  the  lobe  is  in  its  highest 
and  lowest  positions,  Tina  can  occur  only  when 

the  target  is  vertically  centered  with  respect 
to  the  lobes— that  is,  in  a  transverse  plane 


through  the  axis  of  scan. 

Figure  8-17B  shows  the  effect  o(  a  target 
above  the  scan  axis  of  the  beam.  When  the  lobe 
is-  in  its  highest  position,  the  target  is  directly 

on  the  lobe  axis,  aivd  the  height  of  the  CRT  pip 

is  a  maximum,  When  the  lobe  is  in  Us  lowest 
position  the-  target  is  far  oft  the  lobe  axis;  its 
m-flccied  signal  will  be  much  weaker,  and  the 

pip  on  the  CRT  correspondingly  small.  This 

indicates  that  the  target  is  above  the  scan  axis. 

A  second  CRT  indicates  tb e  relative  strength, 
of  the  reflected  signals  when  the  lobe  is  at  its 
extreme  left  and  extreme  right  positions.  In  an 
emergency,  the  operator  can  track  the  target 

manually  by  moving  the  radar  so  as  to  keep 
the  pairs  of  pips  of  equal  height  On  both  CRTs, 
Each  console  bflg,  S-l,  part  2.  weapons 
direction  system)  has  a  visual  Indicator  which 

is  an  oscilloscope,  a  cathode -ray  tube  with  a 
fluorescent  screen.  Figure  t3-13A  shows  the 

principal  Indicator  on  a  target  selection  and 
tracking  console,  called  the  Plan  Position  Indi¬ 
cator  {PPl;.  it  displays  the  bearing  and  slant 
range  of  all  the  targets  picked  up  by  a  selected 


search  radar.  Targets  are  displayed  on  the 

scope  as  radar  video  (pips).  To  select  a  target 

and  assign  it  to  a  tracking  channel,  t he  Op e ra tor 
positions  the  pantograph  sighting  ring  over  the 


target  pip  and  then  presses  a  channel  button. 

on  the  console.  Pressing  the  button  gains 

electrical  access  to  that  channel  and  simul¬ 
taneously  causes  an  identifying  channel  letter 
to  appear  next  to  the  target  pip.  Successive 

of  pantograph  position  by  the  Op¬ 
erator  develop  target  course  and  speed  data 
chat  arc  inserted  in  the  tracking  channels  and 
the  computer. 


Figure  6-1  SB  and  C  shows  two  plots  pro¬ 
vided  on  the-  director  assignment  console— the 
plan  plot  and  the  multipurpose  plot.  The  plan 

plot  shows  three  range  rings  with  true  bearing 
north  ar  the  top.  Each  target  being  tracked 
appears  on  The  display  as  a  letter^  and  moves  as 


ihe  target  moves. 


The  sector  between  the 


197 


PRINCIPLES  OF  GUIDED  MISSILES  AND  NUCLEAR  WEAPONS 


lobe  axis 


LOBE  AietS 


CRT  INDICATOR 


TARGET  ON  SCAN  AXIS 


CRT  INDICATOR 


TARGET  OFF  SCAN  AXIS 


33,157 

Figure  8-17,— i Pips  on  the  eathode-ray  tube  indicate  target  position  in  relation  to  the  scan  axis* 


clearance  lines  iig*  S-ISR:  indicates  the  area 
in  which  a  missile  director  ’would  lose  track 
because  its  radar  beam  would  strike  the  shirrs 
superstructure.  The  clearance  lines  and  the 
ship's  holding  mark  move  electronically  as  the 
ship  moires* 

The  multipurpose  plot  is  used  primarily  for 
making  time  comparisons,  and  is  also  used  to 
indicate  the  speed  and  height  ol  targets  being 
tracked*  The  three  vertical  lines  At  Bh  and  C 
in  figure  8-10C  represent  ibe  tracking  channels 
being  used  to  tracktargets  A,  B ,  andC.  Changes 
are  indicated  vertically  and  you  can  read  the 
values  as  you  would  read  a  thermometer. 


speed  of  missiles;  makes  computers 
necessary  to  perforin  the  fire  control  calcula¬ 
tions.  The  computer  determines  the  proper 
lead  angle  for  the  launcher  and  transmits  the 
signals,  electrically,  that  drive  the  launcher  to 
the  proper  aiming  position*  The  computer  also 
transmits  tactical  data  such  as  present  target 
position,  future  target  position,  arid  missile 
time  to  target  intercept  (time  of  flight!,  to 
display  units. 

CONTROL  RADAR 

The  components  of  a  control 
are  shown  in  figure  8- ISA;  the  components  in  the 
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A,  Target  tracking  console 
C.  Multipurpose  plot. 


in  Is  silt?  which  make  use  of  I  he  signal  are 
shown  in  figure  8-2, 

As  explained  earlier,  a  conical  scan  is  one 
in  which  the  lohe  axis  Of  The  radar  beam  is 
moved  so  as  to  generate  a  c  me.  The  vertex 
of  this  cone  is  at  the  antenna.  It  is  possible  to 
produce  a  conical  scan  by  any  of  several 
methods. 

STABILISATION 


A  d  itudl  e  st  ab  11  Lza tion  o t  b  ea  na-  rid  e r  rn j  ssil  es 
is  necessary  m  addition  to  the  ruidunce  infor¬ 


mation  transmitted  by  The  control  radar.  As 
with  other  types  of  missiles,  gyroscopes  arc 
used  ;n  indicate  deviations  about  the  missile 
axis  o:  rotation,  Gyroscopes  also  provide  a 
spatial  reference  for  the  missile  which  is  re¬ 
lated  to  the  vortical  and  horizontal  autes  of  the 
control  radar  beam.  In  effect,  the  m issue  can 
tell  which  way  is  up  or  down,  right  or  Loft,  on 
the  basis  or  its  attitude  with  relationship  to  the 
gyros.  For  example,  when  it  receives  an 
indicate™  from  the  control  radar  that  it  Is 
above  the  scan  axis,  the  gyros  provide  the 


m 
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internal  relore  rices  )n  which  the  missile  deter¬ 
mines  tha:  it  must  tarn  downward  io  get  brick 
on  the  axis. 

Accelerometers  are  Also  Inclttd eb  In  SO-ti? 
beam-rider  missiles,  Ingtead  gi  providing 
positional  Information  as  in  the  inertial  naviga¬ 
tion  systems,  they  provide  a  refinement  which 
tends  to  prevent  the  missile  from,  oscillating 

along  its  axes  of  translation  and  prevent  over¬ 
shoot  as  dj^  missile  slides  into  beam  center. 


ONE- RADAR  SYSTEM 

In  a  one- radar  system,  the  guidance  beam 

is  always  painted  directly  at  the  target,  since 
the  same  beam  is  used  for  tracking.  One  or 
mare  missiles  can  be  in  flight  at  the  same 
time  toward  the  same  target.  The  traffic 

handling  capacity  Of  the  system  is  limited  only 
by  mutual  interference  between  missiles  in 
the  beam.  Once  a  missile  has  entered  the 
beam  path,  no  further  operations  are  necessary 
at  the  launching  site,  except  to  maintain  target 

tracking, 

C  ounte  riuea  su  re  s 

One  factor  must  always  be  considered  when 
an  offensive  weapon  is  used.  That  is,  the 
enemy  will  always  try  :o  find  counter  measures 
that  will  enable-  him  to  offset,  or  completely 
nullify,  the  effectiveness  of  the  weapon.  Borne 
attempted  countermeasures  are  fairly  easy  to 
overcome;  others  may  be  highly  effective. 

Since  radar  is  used  as  a  guidance  control, 
the  system  is  subject  to  any  form  of  counter¬ 
measure  that  will  interfere  with  the  radar 

beam.  Tim  interference  may  take  the  form  of 
small  sheets  of  metal  foil,  called  ''window*" 
dropped  by  the  target  to  civc  false  inf  Or  mat  2  on 
to  the  tracking  radar.  The  radar  might,  under 
some  conditions,  be  led  to  track  the  foil  sheets 
rather  than  the  target, 

Another  form  of  countermeasure  might  be 
an  enemy  radar  sot  working  on  the  sajne  fre¬ 
quency  as  the  guidance  radar*  This  typo  of 

interference  is  called  "jamming."  The  nature 
of  Cho  beam -rider  guidance  system  gives  good 
antijamming  characteristics  because  the  beam 
is  narrow  and  directional.  The  missile  carries 
its  receiving  antennas  on  Us  after  end-afien 
on  its  rear  airfoils*  These  antennas  are  also 

directional,  they  are  most  sensitive  to  signals 

originating  behind  the  missile,  and  relatively 
insensitive  10  signals  originating  in  front*  To 


jam  the  guidance  beam  effectively,  the  jamming 
transmitter  must  get  behind  the  missile.  Thus 
a  jamming  transmitter  would  be  of. little  value 
as  a  defensive  measure  lor  a  target  aircraft, 

because  once  the  target  gets  behind  a  given 
missile,  il  has  already  successfully  evaded  that 
missile. 

It  is  also  possible  to  transmit  the  guidance 
beam  as  a  series  of  pul&efl  having  a  definite, 
coded  sequence  and  amplitude*  The  missile 
can  be  sec  to  accept  guidance  signals  only  d 
they  follow  the  proper  coded  sequence,  and  to 
reject  all  other  signals.  By  using  a  variety  ol 
code  sequences,  and  by  changing  ih&m  often, 
it  is  possible  to  make  successful  jamming 
very  unlikely. 


Capture  Bean. 


Beam- rider  guidance  is  used  by  both  air- 
to-air  and  surface-to-air  missiles.  In  neither 
application  is  the  missile  actually  in  the  guid¬ 
ance  beam  at  the  instant  ol  launching,  and  the 
problem  of  getting  It  there  must  be  solved* 
For  air- launched  missiles,  this  Is  relatively 
easy;  the  missiles  are  carried  beneath  the 

wings  of  the  aircraft,  fairly  close  to  ihe  guid¬ 
ance  radar,  and  they  are  fired  directly  for¬ 
ward,  In  most  situations  this  is  toward  the 


target,  and  thus  parallel  to  the  guidance  beam. 

But  when  a  surface-to-air  missile  is 
launched  from  the  deck  of  a  ship,  the  "capture" 

problem  Is  mart  complex.  The  missile  may 
be  trained  at  almost  any  aiigle  (except  into  the 
ship's  superstructure).  Because  the  blast  of 
hot  gases  from  the  missile  booster  is  deflected 
along  the  deck,  at  the  time  of  launching,  a  large 
area  around  the  launcher  must  be  kept  clear. 
The  gui  lance  radar  must  therefore  be  located 
at  some  distance  from  the  launcher. 


The 

missile  cannot  be  launched  directly  toward 
the  target*  on  a  course  parallel  with  the  guid¬ 
ance  beam.  Instead,  it  must  be  launched  in 
such  a  direction  that  it  will  CROSS  the  guidance 
beam  a  few  .seconds  after  launching*  tt  will 

theo  turn  toward,  the  target,,  after  it  has  oeen 
captured  by  the  beam* 

But  because  the  guidance  beam  is  narrow, 
merely  aiming  the  missile  to  cross  it  is  not 
enough  to  ensure  capture.  To  make  Capture 
more  certain,  a  broad  CAPTURE  BEAM  {fig, 
8-19}  is  superimposed  on  the  narrow  guidance 
beam.  Because  the  energy  in  the  rapture  beam 
is  spread  out  Over  a  largs  Area,  Its  effective 
ran£e  is  short. 
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i-  IpLre  E- 19,— Beam-rider  guidance:  A.  Relationship  Of  guidance  lobe  and  capture  lobe; 

B.  The  missile  and  capture,  guidance  and  tracking:  beams* 


During  the  launching  phase  of  missile  flight,  has  the  advantage  of  simplicity.  Bui  the  use 
the  control  surfaces  on  the  missile  usually  are  Of  a  single  radar  results  in  a  serious  problem, 
locked  and  the  guidance  system  is  inoperative.  Renumber  that  the  guidance  beam  is  also  the 
The  booster  propels  the  missile  in  a  direction  tracking  hearty  and  must  therefore  he  pointed 


calculated  to  place  it  within  the  capture  beam. 


at  the  target  throughout  the  missile  flight 


When  the  booster  drops  away,  the  control  Except  tti  one  special  ease-  when  the  target  is 
surfaces  a.r&  unlocked  and  the  guidance  system  flying  directly  toward  the  transmitter- the 
takes  over,  The  missile  receiver  is  tuned  to  radar  must  be  trained  in  order  to  fallow  the 


respond  lo  the  capture  beam,  and  to  seek  its 


target 


For  a  nearby,  high-speed,  crossing 


axis*  In  so  doing,  It  turns  Itself  toward  the  target,  the  angular  rate  of  train  will  be  high* 


targf  and  aligns  itself  In  the  guidance  beam, 

which  has  the  same  scan  axis  as  the  capture 


The  missile  course,  therefore,  cannot  be  a 

straight  line.  The  missile  must  constantly 


beam.  Alter  a  preset  interval,  a  timing  device  move  sideways  in  order  to  stay  in  the  beam, 

within  the  missile  changes  the  receiver  tuning*  While  the  missile  is  relatively  close  to  the 

Ttie  missile  will  then  reject  signals  from  the  transmitter,  its  lateral  rate  is  small.  But, 

capture  beam,  and  respond  only  to  those  in  the  as  the  missile  approaches  the  target,  the  same 

guidance  beam,  which  lias  a  different  coded  angular  rale  of  train  will  require  Increasing 

signal . 


Close-In  Targets 


lateral  acceleration  of  the  missile. 

Figure  8-20  Illustrates  this  problem  by 

showing  three  successive  positions  of  the  Ur- 
The-  sin-gLe- radar  heam-rider  system,  be-  get  and  the  missile.  In  this  example,  the  beam 
cause  it  uses  only  one  radar  instead  of  lwot  is  trained  lo  the  left  at  an  almost  uniform 
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Fi  gv;r  c  & - 2Q .  -  Beam-  r  idor  mi  s  5  ile  toll owing  1  in  e 
of  sight  : LOS)  course,  increases  lateral  ac¬ 
celeration  as  it  nears  target 


rate.  The  missile,  in  Order  to  % tav  in  thc- 
beam,  mugt  accelerate  to  T-he  1  e It.  at  a  rapidly 


increasing  rate. 


In  the  extreme  case  shown 


in  the  figure,  the  missile  as  it  nears  '.he  target, 
must  follow  a  path  almost  at  a  right  angle  to 
the  beam.  Even  with  its  control  surfaces  in 
their  extreme  positions,  the  missile  would 
probably  be  unable  to  turn  at  the  required 
rate,  Thus  a  one- radar  beam  rider  might  be 
useful  against  approaching  targets,  but  ineffec¬ 
tive  against  high-speed  crossing  targets. 


collision  point  is  computed  from  these  facts. 
The-  guidance  beam  can  then  be  directed  (pro¬ 
grammed)  to  the  calculated  point,  and  the 
missile  follows  the  guidance  beam  as  soon  as 
it  orient fi  itself  after  capture  by  the  capture 
bean:.  This  is  sometimes  called  an  ** up- and- 


over"'  type  of  flight  path,  it  permits  the  mis¬ 
sile  to  roach  high  altitudes  rapidly,  where  the 

Tjrouclsion  system  can  operate  more  efficiently, 
thereby  achieving  greater  Speed  and  range.  It 
also  makes  enemy  countermeasures  more  dif¬ 
ficult. 


The  two* radar  beam-guidance  system  is 
mere  complex  insofar  as  ground  equipment  is 
concerned*  because  of  the  addition,  of  a  com¬ 
puter  and  a  second  radar  [fig.  8-21  A).  The 
equipment  in  the  missile  is  the  same  for  either 

system* 

From  the  information  that  has  been  given, 
it  may  be  seen  that  the  computer  is  an  impor¬ 
ts  nt  part  of  a  two- radar  guidance  system. 
The  computer  takes  information— speed,  range, 
and  course— from  the  tracking  radar*  From 
this  information,  it  computes  the  course  that 
must  be  followed  by  the  missile.  Since  the 
computer  receives  information  constantly,  it 
can  and  does  alter  the  missile  course  as  nec¬ 
essary  to  i -ft set  e-vasive  action  or  changes  in 

course  by  the  target.  The  output  of  the  computer 

controls  the  direction  of  the  guidance  radar 
ant  enna ,  Requir ed  ebur a  e  ch  ang  e  s  are  In  stand? 
! ran Emttt ed  to  the  missile  by  pointing  the 
guidance  beam  toward  the  new  point  of  intercept. 


TWO -RADAR  SYSTEM 


C  burner  measures 


The  two- radar  beam- riding  system  uses 

one  radar  to  track  the  target  and  a  second 

radar  to  guide  the  missile  (fig,  6-23  A  .9,  A 
computer  is  used  between  the  two  radars  and 
controls  the  guidance  radar.  The  computing 
system  uses  information  from  the  tracking 
radar  to  determine  the  trajectory  necessary 

to  ensure  a  collision  between  the  missile  and 

the  target*  Because  the  same  radar  beam  is 
no  longer  used  for  both  tracking  and  guidance, 
the  missile  need  pot  follow  a  line  of  Sight 
path*  as  waa  the  case  with  a  one -radar  system. 
The  guidance  beam  may  be  directed  into  space 
along  a  programmed  target  intercept  path  (fig, 
8-21B)*  The  speed  of  the  missile  is  known* 
the  speed  oi  the  target  is  calculated,  and  the 


The  same  counter  measures  which  would 

affect  a  one-radar  system  could  be  used  against 

the  two  -  radar  system.  But  it  would  be  more 
difficult  ti.  destroy  control  effectiveness,  be¬ 
cause  of  the  two  radar  beams  and  the  computer 
action.  The  computer  stores  guidance  infor¬ 
mation  is  it  determines  the  trajectory  the 
missile  is  to  follow.  Therefore,  even  if  the 
tracking  beam  were  interrupted  by  count er- 
measureg  for  a  short  time,  the  computer  would 
still  be  able  io  maintain  the  guidance  beam, 
and  hold  the  missile  on  a  probable  collision 
course  with  the  target. 

As  we  mentioned  earlier,  lateral  accelera« 
tier,  presents  a  serious  problem  when  a  one- 
radar  guidance  system  is  used*  because  the 
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Figure  8-21,— Beam-rider  guidance:  A,  Two- radar  beam  riding  guidance; 

B*  The  programmed  beam-rider* 


mi  sail  e  course  is  changed  by  the  angular 
movement  of  the  tracking  beam.  This  problem 

Is  not  present  In  a  two- radar  guidance 
because  the  missile  course  is  directed  toward 


a  collision  point  (fig,  B-2IB:,  rather  than  toward 

the  constantly  changing  position  of  the  target* 

Because  course  information  is  continuously  fed 
to  the  missile  guidance  radar,  the  missile 

trajectory  is  straight  or  only  slightly  curved 
from  the  launching  point  to  the  target. 


Count <erm ensures  have  become  a  standard 
part  of  military  operations.  The  counter- 
countermeasure  must  eliminate  the  effects  of 
the  countermeasure  so  the  system  can  still 

perform  successfully* 


Any  countermeasure,  such  as  chaff  and 
decoys,  which  gives  false  target  information 
tends  to  obscure  the  true  target  position  and 

may  overload  the  system  with  false  targets* 

A  highly  trained  Operator  or  an  accurate  dis¬ 
cerning  mechanism  capable  of  distinguishing 
false  targets  from  real  mes  is  the  most  ef¬ 
fective  counter -counter  measure*  Jamming 
signals  cause  loss  of  the  tar  get  signal  find  there¬ 
fore  In s3  of  target  position*  Effective  antijam¬ 
ming  devices  have  been  developed  and  are 
installed  on  some  ships  and  aircraft. 


It  is  imperative  that  false  targets  be  recog¬ 
nized  tn  the  Initial  stages ,  for  once  the  weapon 
system  Starts  tracking  the  false  target,  the 
purpose  of  the  false  larget  is  accompli  shed. 
A  large  number  of  targets,  real  or  false,  can 
overload  the  tracking  system  and  cause  a 
breakdown* 


LIMITATIONS 


Every  mechanical  or  electrical  system  has 
limitations  that  cannot  be  exceeded*  When  work¬ 
ing  with  complex  mechanisms,  such  as  guided 
missiles,  it  is  as  important  to  know'  limitations 

as  it  is  to  know  the  capabilities*  Unless  the 
limitations  are  known,  a  costly  missile  might 
be  wasted* 


One  important  limitation  is  the  maximum 
range  at  which  reliable  control  can  be  main¬ 
tained,  We  have  mentioned  line  Of  sight 


limitation.  Bear  in  mine  that  this  statement 


docs  not  mean  that  the  missile  must  remain 
within  range  of  vision.  It  does  mean  that  con¬ 
trol  may  be  lost  if  the  path  between  the  missile 
and  the  guidance  radar  extends  over  the  hori¬ 
zon  or  Is  blocked  by  hills  or  mountains.  The 
perfection  of  over-the-horizon  radar  systems 
will  make  this  limitation  a  thing  of  the  past. 
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Another  limitation,  previously  mentioned, 

is  transmitter  power.  In  theory,  at  least,  any 

amount  ol  power  can  be  generated*  Radar 
systems  through  pulse  techniques  make  it  pos¬ 
sible  to  get  large  peak  power  output  while  keep¬ 
ing  the  average  power  output  within  reasonable 
limits.  Practical  guidance  systems  have  power 
limitations  due  to  co si,  size,  and  weight.  Obvi¬ 
ously,  bulky  equipment  cannot  be  easily  trans¬ 
ported  or  installed  aboard  ships  or  aircraft. 

Therefore,  a  compromise  must  be  reached  to 

ensure  useful  results  with  ecjuipmenl  ol  rea¬ 
sonable  size. 

It  should  also  be  kept  in  mind  that  the  radar 
beam  increases  in  width  and  decreases  in 
power  as  the  rang*  is  extended,  resulting  in  a 


The  susceptibility  of  a  guided  missile  to 
counter  measures  is  a  limitation  to  its  use. 
The  effectiveness  of  countermeasure  action  can 
be  greatly  reduced  by  using  coded-pulse  modu¬ 
lation  of  the  radar  guidance  beam* 

Missile  enthusiasts  at  first  believed  that 
missiles  would  replace  all  other  types  of  ord¬ 


nance,  including  small  arms 


P 


Reflection  and 


experience  have  shown  that  guided  mlsHlles 
are  not  the  complete  answer  to  the  defense 
problem.  Most  guided  missile  ships  are  equipped 
with  3- inch  or  5- inch  guns  as  well  as  missiles 
and  other  forms  of  ordnance.  Some  of  the 
early  conversions  to  guided  missile  ships,  in 
which  the  euns  were  removed  to  make  room  for 
an  all-missile  installation,  are  now  being  re- 


decrease  in  both  tracking  ami  guidance  a  ceil-  equipped  with  guns  to  supplement  the  missiles, 
racy  at  lon^  ranges.  Great  Improvements  in  Although  there  are  many  sizes  and  types  of  mi  s- 
both  range  and  accuracy  have  been  made  by  siles,  they  are  not  the  best  solution  for  every 
modem  advances  in  radar  technology.  defensive  or  offensive  tactic. 


CHAPTER  9 


HOMING  GUIDANCE 


INTRODUCTION 


Ct'NERAL 


Jn  previous  chapters,  we  hive  discussed 
guidance  systems  that  are  designed  to  place 
and  hold  a  missile  on  a  collision  path  with  its 
target*  As  we  have  explained  previously,  mis¬ 
sile  guidance  car.  be  divided  into  three  phases: 

launching,  Inter  mediate  or  midcourse  guid¬ 
ance,  and  terminal  guidance,  The  proper  func¬ 
tioning  of  the  guidance  system  during  the 
terminal  phase,  when  the  missile  is  rapidly 
approaching  its  target,,  is  ol  extreme  impor¬ 
tance.  A  great  deal  of  work  has  been  done  to 


develop  extremely  accurate  equipment  for  use 
in  terminal- phase  guidance. 

This  chapter  will  discuss  some  of  the  hom¬ 
ing  systems  that  have  been  found  to  be  effective 
for  terminal  guidance,  as  well  as  some  sys¬ 
tems  that,  irs  their  present  state  of  develop¬ 
ment,  have  serious  limitations. 

The  expression  HOMING  GUIDANCE  is  used 
to  describe  a  missile  system  that  can"see"the 
target  by  some  means,  and  then  by  s e tiding  co tn - 
mands  to  its  own  control  surfaces,  guide  itself 
to  the  target.  {H'se  of  the  word  L'gee''  in  this 

context  does  not  necessarily  mean  that  an  Optical 
system  is  used.  It  simply  means  that  the  target 
is  detected  bv  ono  or  more  of  the  Sensing  .sys¬ 
tems  that  will  be  described  later  in  this  chapter.'. 
Homing  guidance  is  used  not  only  for  the 
terminal  guidance  of  some-  missiles,  but  also 
for  the  entire  flight,  particularly  for  short- 
range  missiles.  The  radar-homing  Lark  is  the 
first  antiaircraft  missile  known  to  have  inter¬ 
cepted  and  destroyed  a  target  drone*  The  Bat, 
used  against  Japanese  shipping  in  World  War  IT, 

was  the  first  successful  radar  homing  nussii-. 


BASIC  PRINCIPLES 

Some  homing  guidance  systems  are  based 
on  use  of  the  characteristics  of  the  target  itself 


as  a  means  of  attracting  the  missile*  In  other 
words  the  target  becomes  a  lure>  in  much  the 
same-  manner  as  a  strong  light  attracts  bugs  at 
night.  Just  as  certain  lights  attract  more  bugs 
than  others,  certain  target  characteristics  pro¬ 
vide  more  effective  homing  information  than 
others.  And  some  target  characteristics  arc 
such  that  missiles  depending  on  them  for  homing: 
guidance  arc  very  susceptible  to  countermeas¬ 
ures. 


Other  homing  systems  Illuminate  the  target 

by  radar  or  other  electromagnetic  means,  and 

use  the  signals  reflected  by  the  target  for 
homing  guidance* 

The  various  homing  guidance  systems  have 
been  divided  into  PASSIVE  t  SEMI  ACTIVE,  and 
ACTIVE  classes,  The  name  of  the  class  indi¬ 


cates  the  type  of  homing  guidance  in  use. 


use 


homing  systems  are  based 
iteristics  of  the  tar  tret  its 


as  a  means  of  attracting  the  missile. 


The 


target  becomes  a  lure,  as  described  above* 
One  such  system  uses  radio  broadcast  waves 

area  as  signals  to  home  on. 


from  the 

If  the  target  Is  illuminated  by  some  source 
other  than  itself  or  equipment  in  the  missile, 
the  system  is  known  as  a  SEMIACTIVE  HOM- 

system.  For  example,  the  target  might  be 
Illuminated  by  radar  equipment  at  the  missile 
launching  station* 

If  the  target  is  illuminated  by  equipment  in 
missile,  the  system  is  called  an  ACTIVE 

guidance  system.  An  example  ia  a 
system  that  uses  a  radar  set  in,  the  missile  to 
illuminate  the  target,  and  then  uses  the  radar 

reflections  from  the  target  for  missile  guidance. 

A  modified  version  of  the  a  emiaciive  guidance 
technique  is  known  as  a  quasi-active  homing 
guidance  system. 


The  components  of  homing  guidance  systems 
are  essentially  the  same  in  all  types  of  homing, 

but  there  are  differences  in  Location  and  in 

methods  of  using  the  Components. 
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TYPES  OF  MISSILE  RESPONSE 

When  the  control  surfaces  of  the  missile 

sure  activated  by  one  of  ihe  guidance  systems* 

th*  misfile  ia  showing  response  to  the  guidance 
signals.  A  number  of  systems  have  been 
developed  to  respond  to  a  variety  of  signal 
sources.  These  sources  are:  Bound,  radio, 
radar,  heat*  and  light* 

Sound 

If  we  go  through  the  frequency  spectrum 
from  low  to  high*  we  can  list  systems  ip  order 
of  frequency  and  start  in  the  audio  (low)  raiue* 
Sound  has  been  used  for  guidance  of  naval 
torpedoes,  which  home  on  noise  from  the  target 
ship's  propellers.  But  a  guidance  system  based 
on  sound  is  limited  in  range.  The  missile  or 
torpedo  must  use  a  carefully  shielded  sound 
pickup,  so  that  it  will  not  be  affected  by  its 
ovm  propulsion  noise.  And  while  the  speed  ol 
a  torpedo  is  low  compared  to  the  speed  of 

sound,  most  guided  missiles  are  supersonic. 

13 »  cause  of  these  limitations*  no  current  missile 

Ufics  a  guidance  system  based  on  sound  detection. 

A  system  based  on  sound  detection  is  known 
as  an  acoustic  system*  During  World  War  II 
the  Germans  were  developing  two  types  of  accuse 
tic  guidance  systems  for  use  on  the  X-4  missile, 
but  the  war  ended  before  they  were  tried  in 
combat  situations.  An  acoustic  homing  system 
is  practically  impossible  to  jam,  and  decoy 
devices  are  equally  impractical.  But  the  dis¬ 
advantages  mentioned  above  have  not  been  offset 

by  discoveries  or  inventions  that  make  adequate 

use  of  the  advantages.  However,  sound  waves 

behave  differently  under  water  than  in  the  air. 
Guided  missiles  whose  terminal  phase  is  under* 
water  make  use  of  sound  waves  for  guidance. 
I’orpedops  and  antisubmarine  missiles  arc  of 
this  category. 

Radio 

Most  ho  Rung  guidance  systems  use  electro¬ 
magnetic  radiations,  Radio  waves  art  used  in 
one  passive  homing  system*  Homing  is  accom* 
pUflhed  by  an  automatic  radio  direction  finder 
in  the  missile*  The  equipment  is  tuned  to  a 
station  in  the  target  area,  and  the  missile 
homes  on  that  station.  This  homing  system  is 
not  restricted  by  weather  or  visibility.  But  it 
is  unlikely  that  a  radio  transmitter  would  be 


operating  under  war  conditions.  In  addition, 
radio  jamming  can  do  a  most  effective  job  of 

confusing;  a  missile  that  uses  radio  for  homing 

guidance  lor  it  would  receive  signals  front 
several  directions  at  the  same  time. 

While  it  is  possible  to  rto  a  thorough  job  ol 
confusing  a  radio  homing  guidance  system, 
there  is  one  possibility  that  cannot  be  over¬ 
looked.  'The  enemy  must  use  electromagnetic 
systems  for  communications  ami  search,  and 
these  systems  can  be  need  as  a  source  of 
guidance  signals*  Also,  it  is  possible  for  sub¬ 
versive  agents  to  plant  small,  hidden  radio 
transmitters  in  target  areas* 

Several  radio  navigation  techniques  have  been 
applied  to  missile  guidance.  Dur  i ng  World  Wa r  1 1 
the  Germans  devised  a  complex  radial  system 
called  Sonne.  Circular  method 6  of  radio  navi¬ 
gation  were  used  for  blind  bombing*  Position 


of  the  target  was  determined  by  finding  the 
location  on  a  circle  or  circles  about  known 
locations,  measured  by  two  ground  station, 
signals* 


Radar 


Although  radar  can  be  used  tar  all  classes 
of  homing  guidance,  it  is  best  suited  for  the 
semiactive  and  active  classes*  At  present* 
radar  is  the  most  effective  source  of  informa¬ 
tion  for  Homing  guidance  systems*  It  Is  not 
restricted  by  weather  or  visibility*  but  under 
some  conditions  it  may  be  subject  to  jamming 
by  enemy  countermeasure  equipment. 

Radar  guidance  is  the  type  most  used  for 
homing*  Perrier,  Talost  Tartar,  and  Sparrow  III 

use  the  semiactive  homing. 


Heat 

One  form  cf  passive  homing  system  uses  heat 
as  a  source  of  target  information.  Another 
name  applied  to  this  system  is  INFRARED 
homing  guidance.  Heat  generated  by  aircraft 
engines  or  rockets  is  difficult  to  shield.  In  ad¬ 
dition,  a  heated  path  is  left  in  the  air  for  a 
short  time  after  the  target  has  passed,  and  an 
ultra -sens Hive  heat  sens  r  can  follow  the  heated 
path  to  the  object.  One  present  limitation  is 


the  sensUivitv  of  se 


r  units.  As  sensor  units 


of  higher  sensitivity  become  available,  Infrared 

homing  guidance  will  become  Increasingly  ef¬ 
fective.  Such  systems  will  make  it  difficult  to 
jam  the  homing  circuits,  or  to  decoy  the  missile 
away  from  the  target. 
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Light 


switchover  is  usually  accomplished  by  radio 

command.  At  long  ran  re,  it  is  control  led  by  a 


A  passive  homing  system  could  be  designed  navigational  device,  or  bv  some  form  ofbuilt-ln 
to  home  on  light  given  off  by  the  target.  But,  programing  system. 


like  any  optical 


tins  one  would  be 


The  U,5.  Navy  missile  program  makes  uso 


limited  by  conditions  of  weather  and  visibility,  of  composite  guidance  systems  in  several  of 
And  it  would  be  highly  susceptible  to  enemy  us  operational  missilea. 


counter  mea  sur  &3 . 

A  quasi- optical  system  which  uses  a  tele¬ 
vision  camera  in  the  nose  of  the  missile  has  missiles,  such  as  Terrier, 
some  interesting  possibilities.  The  TV  senses  and  Tartar,  use  homing  guidance  systems  in  one 
the  missile- aiming  error,  transmit  a  the  picture  form  or  another  for  terminal  guidance.  Although 


Tales  is  a.  beam 

rider  during  its  nvidcourse  phase,  and  switches 

to  radar  homing  for  terminal  guidance.  Other 

rrow,  Shrike 


to  the  launching  aircraft,  ground  station,  Or  Asroc  is  called  an  unguided  missile,  it  uses 
ship,  where  The  corrective  orders  are  computed  active  acoustic  homing  guidance  in  its  under¬ 
and  sent  to  the  missile,  water  phase. 


USE  IN  COMPOSITE  SYSTEMS 


1 1 OM1 NG  TR A J EC T OKIES 


In  command  and  beam-rider  guidance,  the 
missile  is  controlled  from  the  launching  site, 
or  from  some  other  point  at  a  cot-siderabin 
distance  from  the  target.  But  mother  of  these 


A  hooting  missile  uses  one  of  two  methods  in 

a  moving  air  target.  When  the 
missile  files  directlv  toward  the  target  at  all 


the  future  position  of 

LEAD  HOMING  method. 


systems  is  very  effective  against  moving  tar-  times,  its  flight  path  is  described  as  PURSUIT 

gets,  except  at  relatively  short  ranges.  The  HOMING,  or  ZERO  BEARING  HOMING,  When 
reason  is  obvious.  The  closer  the  missile  gets  the  missile 
to  the  target,  the  farther  It  is  from  its  control  target,  it  uses 
point.  At  long  range,  a  very  small  angular 
error  in  target  tracking,  missile  tracking,  or 

beam  riding  could  cause  the  missile  to  miss 

it  s  la  rg  et  by  a  wide  marg  in. 


PURSUIT 


As  shown  in  figure  0-1,  ube  use  of  pursuit 


Sidewinder  is  a  Navy  missile  thar  use®  homing  results  in  a  rigOrsvus  chase. 


homing  as  us  only  source  of  guidance 


It  has 


line  of  a 


(LOS)  is  always  pointing 


been  used  very  effectively  at  relatively  short  directly  ahead  of  the  missile,  thus  the  term 
range.  Bui  homing  systems  are  based  on  Info  r-  zero  bearing. 


mat  ion  radiated  from,  or  reflected  by.  the 


target  it  self. 


For  targets  a:  intermediate 


All  of  the  homing  guidance  systems  we  have 
described  have  had  the  sensor  unit  i  thermopile, 

ceil,,  microphone,  television  camera,  or 


ranges,  such  signals  are  extremely  'weak,  and 
could  be  u&ed  only  by  missiles  with  powerful  antenna)  mounted  in  ihe  nose  of  the  missile 


and  heavy  guidance  equipment.  At  long  range, 
such  signals  are  entirely  unavailable 


The  sensor  is  fixed  to  the  missile  frame  so 
that  it  maintains  a  constant  relationship  to  the 


An  answer  to  this  problem  lies  in  the  use  missile  axis.  The  equipment  in  the  missile  is 


of 


c  ompo  sit  e  gu  idan c  e  ay  stem .  In  th  i  s  sy  =  - 


then  able  to  process  the  information  picked  up 


tern,  the  missile  is  guided  during  its  interme-  by  the  sensor,  so  that  the  missile  can  be 

_ _  _  _  a  £  **  n  v  a 


diate  phase  by  information  transmitted  from 

the  launching*  site,  or  other  friendly  control 


continually  pointed  toward  the  mrget 

Notice:  in  figure.  9-1  how  the  flight  path  must 


point*  During  the  terminal  phase,  it  Is  guided  by  curve  ns  the  missile  approaches  the  target. 

The  s3iarp  curvature  in  the  path  sets  up  strong 


information  from  the  target.  T or  inter m edtat e 
range  mi  a  ail  es,  either  command  or  beam -rider 


lateral  accelerations  during  the  terminal  phase 


guidance  is  suitable  during  the  midcourse  phase.  of  flight.  These  transverse  accelerations  pre- 
A  long-range  missile  would  depend  either  On  sent  a  strong  objection  to  the  use  of  a  aerd- 
preset  or  navigational  guidance  to  bring  it  :o  bearing  apptcaeh  against  high -speed  air  targets. 

There  are  two  basic  obj  actions  to  th  e  pur  suit 


the  target 


Missiles  of  both  classes 


can  switch  over  to  homing  guidance,  based  on  method.  First,  the  maneuvers  required  of  the 
infrared  or  radar  radiations,  as  they  enter  the  missile  become  increasingly  difficult  during  the 

terminal  phase. 


At  intermediate  range,  the 


last  -and 


stages  of  flight.  Second, 
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Figure  0  - 1,  -  Pursuit  homing,  or  zero  bearing  night  path. 
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missile  speed  tnu&t  be  considerably  greater  than  The  most  favorable  application  of  pursuit 
target  speed.  As  shown  in  die  figure,  the  courses  is  against  slow  moving  targets,  or 
sharpest  curvature  of  the  missile  flight  path  for  missiles  launched  from  a  point  to  the  rear 
occurs  near  the  end  of  the  flight.  At  this  of  the  target  or  directly  toward  a  head-on 

time,  the  missile  must  overtake  the  target,  incoming  target, 

If  the  target  is  attempting  to  evade,  the  last 

minute  acceleration  requirements  placed  on  LEAD  ANGLE  OR  COLLISION  COURSE 

the  missile  could  exceed  its  aerodynamic  capa¬ 
bility  >  thereby  causing  a  miss.  Near  the  end  The  second  method  of  approach  to  the 
of  the  flight,  Hie  missile  ifl  “coasting”  because  target  is  called  Lead  ANGLE  course.  It  is 
the  booster  and  rocket  motor  thrusts  last  for  aLso  known  as  a  CONSTANT  BEARING  or 
a  short  part  of  the  flight.  More  power  is  re^  COLLISION  course  or  PROPORTIONAL  NAY  1- 
puired  to  make  sharp  radius,  high  speed  turns  CATION.  The  trajectory  of  a  ground-to-air 

at  a,  time  when  the  missile  is  losing  speed  and  missile  using  this  method  of  approach  id  shown 
has  least  turning  capability,  in  figure  9-2. 
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T  *HtlT  FLI  PAT“ 


AliJtL?  FLI SHT  PATH 


L  AUfjCHES 


Figure  9-2.— Lead  angle  method  Of  approach  to  target, 


33.1  S6 


Notice  that  the  missile  path  from  the  launcher 

to  the  collision  point  is  a  straight  line*  The 
missile  has  been  made  to  lead  the  target  in 

the  same  manner  as  a  hunter  leads  a  bird  in 

flight.  In  order  to  lead  the  target  and  obtain 

a  hit,  a  computer  must  be  used.  The  systems 

devised  for  computing  lead  ansle  for  guns  have 
been  adapted  for  missile  firing.  Lead  angle 
has  always  had  to  be  computed  in  order  to  obtain 
a  hit  ort  a  moving  target.  The  hunter  has  to 
estimate  mentally  how  far  ahead  to  aim  in 
order  to  hit  the  running  game  or  flying  bird. 

Early  gunners  devised  various  mechanical  aids 
to  help  them  locate  the  target,  estimate  its 
speed,  dot  ermine  its  direction  of  movement, 

and  compute  the  amount  of  "lead"'  necessary 

no  they  could  lire  where  the  target  was  going 
to  be  at  the  time  the  bullet  or  shell  would  get 

there.  Modern  rapid-firing  gui: sand  supersonic 

missiles  are  much  too  swift  for  such  calcula¬ 
tions,  Computers  are  necessary  to  make 
calculations  as  speedy  as  possible,  and  elec¬ 
tronic  control  signals  are  needed  to  keep  the 
missile  cm  the  calculated  course. 


The  computer  continually  predicts  the  point 
of  missile  impact  -with  the  target.  If  the  target 
takes  no  evasive  action t  the  point  of  impact 
remains  the  same  from  Launching  time  until  the 

missile  strikes.  Should  the  targer  take  evasive 


action,  die  computer  automatically  determines 

a  new  collision  point.  It  then  sends  signals  to 

the  guidance  package  or  control  unit  (autopilot) 

in  the  missile,  to  correct  the  course  so  that  it 

bears  on  the  new  collision  point* 

Ag  shown  in  figure  9-2,  the  collision  point 
and  the  successive  positions  of  missile  and 

target  form  a  series  of  similar  triangles.  If 

the  missile  path  is  the  longer  Leg  of  the  tri¬ 
angle,  ag  it  is  in  the  figure,  the  missile  speed 
must  be  greater  than  the  target  speed— but  it 
need  not  be  as  great  proportionally  as  with  a 
zero-bearing  approach. 

The  transverse  acceleration  required  of  a 

missile  using  the  lead- angle  approach  is  com¬ 
paratively  small. 

In  lead  homing  missiles,  the  missile  com¬ 
puter  network  calculates  the  rate  of  change  of 
lead  angle  and  generates  a  solution  which,  when 
applied  to  the  controllers,  will  cause  flight 

path,  corrections  to  reduce  the  rate  of  change 

to  zero.  When  this  has  been  done,  the  missile 

will  be  on  a  collision  course  with  the  target. 

Should  the  target  change  courset  the  lead  angle 

will  change,  The  mis  si  la  sensors  will  defect 

this  change,  and  the  computing  network  will 
determine  a  new  solution  to  put  the  mi 
back  on  a  collision  course.  The  missile  turns 
at  a  rate  proportional  to  the  rate  of  the  line  of 
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sight  rotation  and  in  the  proper  direction  to  re¬ 
duce  the  rotation  of  the  line  of  sight  to  zero 
{proportional  navigation)*  The  final  'and  most 
important)  part  of  the  flight  path  will  he  a 
Straight  line*  Therefore,  the  accelerations 
required  by  the  missile  a:  this  time-  are  negli¬ 
gible, 

PASSIVE  HOMING  SYSTEM 


G  K  N  EH  A  I. 


As  mentioned  earlier  in  this  chapter,  passive 
homing  systems  can  be  used  when  the  target 
itself  radiates  information*  Therefore,  all  of 

the  response  systems,  with  the  possible  excep¬ 
tion  of  radar*  might  be  used.  The  exception 
to  radar  would  not  apply  if  a  signal  from  the 
target  could  he  picked  up  by  a  radar  receiver  set 
in  the  m  i  ssiLe .  Thi  s  sy  ste  m  would  b  e  un  r  el  rib  1® ; 
the  only  source  of  Target  information  would  be 
under  enemy  control,  and  could  he  switched  off 
at  will*  But  missiles  using  such  a.  system 

would  have  one  distinct  advantage:  they  would 
deny  the  enemy  the  use  of  his  Own  radar. 
Passive  homing  guidance  can  be  used  for 

air-to-air,  air-to-surface,  surface-to-surface, 
or  surface-to-air  missiles.  One  main  advantage 

of  a  passive  system  is  missile  equipment  sim- 
pl  ic  Ity  *  No  t  ra  ns  mitt  er  is  need  «d  its  the  mi  a  s  He , 

and  the  missile  tracking  equipment  can  be  very 
small  and  compact.  A  second  advantage  is  thar 
the  passive  system  is  an  Independent  system 
once  the  target  is  acquired, 

BASIC  PRINCIPLES 


The  passive  homing  systems  most  widely 
used  at  present  are  based  nq  infrared  radiation 
from  the  target.  The  sensing  mechanism  ts  so 

designed  that  it  cm  determine  the  direction  from 

which  the  infrared  radiation  is  received;  the 
guidance  system  can  then  steer  the  missile  in 
that  direction,  There  are  several  way  sin  which 
the  sensing  device  can  be  made  to  determine  the 
direction  of  an  infrared  source.  For  example, 

two  sensors  could  be  mounted  with  a  baffle  be¬ 


tween  them,  so  that  the  one  on  the  right  can  re¬ 
ceive  radiation  from  straight  ahead,  or  from  any 
point  to  the  right  of  the  missile  yaw  axis.  The 


other  sensor  will  receive  radiation  coming  fra 
straight  ahead  or  from  the  other  side  of  the  yaw 
axis*  When  both  sensors  receive  the  same 


amount  of  radiation,  the  target  is  directly  ahead. 
If  the  radiation  is  stronger  on  one  side,  the  tar- 


, 


get  is  obviously  on  that  side.  A  second  pair  of 
sensors  could  be  mounted  vertically  to  sense 
radiation  above  and  below  the  pitch  axis* 

Another  infrared  passive  homing  system 
makes  use  of  a  sensing  device  mounted  in  gim¬ 
bals,  and  driven  by  servomechanisms.  The  sys¬ 
tem  is  so  tie  signed  that  the  sensing  device  will 

constantly  be  trained  on  the  target.  Thug  trie 
train  angle  of  the  sensor  with  relation  to  the 

heading  of  the  missile  can  be  used  to  produce 


correction  signals. 

A  passive  homing  device  that  ueos  radio  fre¬ 
quency  intelligence  ts  a  radio  direction  tinder. 
Intelligence  may  be  derived  by  comparison  of 

phases,,  as  with  a  pulse  type  radar.  However, 
detector  5  of  this  type  depend  nn  radio  or  radar 

radiation  from  the  target.  If  the  target  main¬ 
tains  radio  and  radar  silence  during  an  attack, 

this  means  of  detection  is  useless.  For  practi¬ 
cal  reasons,  therefore,  a  passive  homing  system 

should  r  ely  on  only  those  sources  of  energy  that 
cannot  be  controlled  by  the  target*  Heat  and 
light  are  two  such  sources,  although  lights  can  be 

blacked  out  to  prevent  detection* 


Properties  of  Heat  Radiation 

Before  examining  several  types  of  infrared 

sensors ,  lei  us  take  a  closer  look  at  the  subject 
of  heat  radiation. 

Heat  is  produced  by  any  material 
temperature  is  above  absolute  zero  {-273.16*0, 
or  -450*69'  F,),  Heal  Is  a  result  of  the  motion 
of  molecules;  it  ts  a  form  of  kinetic  energy 
which  car.  be  transferred  by  only  three  prcc- 


whnge 

a 


■ 


in  the 


heat 


en  e rgy 


process  of  CONDUCTION,  the 

is  transferred  from  molecule  to  mole¬ 


cule  by  actual  contact.  Metals,  in  general,  are 
good  conductors  of  heat.  Gases  are  much,  poorer 

conductors  of  heal  than  solids*  due  to  the  rela¬ 
tively  large  distances  separating  gas  molecules. 

CONVECTION  is  the  process  of  transferring 
heat  by  movement  of  a  headed  substance*  For 
example,  a  home  furnace  warms  the  air  around 
It.  Due  to  its  increase  in  Temperature*  the  air 
will  rise  and  therefore  carry  the  heat  to  another 

location. 

Our  main  source  of  heat — the  sun— supplies 
us  with  heat  energy  through  the  vacuum  of  space* 
This  heat  energy  is  transferred  by  the  process 
qf  RADIATION,  that  is,  the  process  of  electro¬ 
magnetic  wave  transmission.  The  electromag¬ 
netic  waves  which  produce  heat  in  any  object 
that  absorbs  them  are  called  infrared  waves. 
Figure  9-3  shows  the  infrared  portion  of  the 
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FI  sure  9-5,— Ther  m  istor  s :  A.  Var  ious  th  or  mi  a- 

tor  forms-  B,  Construction  of  bead  ther  mi  fitor , 


eiple  that  a  proa  sure -volume  change  occurs  ma 
gas  when  its  temperature  is  changed.  At  the 
forward  end  of  the  coll  is  a  metal  chamber 
which  encloses  the  gas.  The  front  of  the  cham¬ 
ber  is  covered  by  a  membrane,  which  acts  as  a 

receiving  element.  The  back  of  the  chamber  is 
closed  by  a  flexible  mirror  membrane,  Infra¬ 
red  energy  entering  the  window  raises  the  tem¬ 
perature  of  the  gas  in  the  chamber  and  causes 
expansion  of  the  gas.  The  resulting  increase  tn 

pressure  distends  the  mirror  membrane. 

The  lamp  at  the  after  end  of  the  detector 
emits  a  light  beam  which  is  focused  by  the  lens 
and  then  parses  through  the  grid  and  onto  the 
reflecting  diaphragm.  The  expansion  and  con- 

traction  of  the  gases  between  the  window  and 
the  diaphragm  will  cause  the  diaphragm  to  change 


2L2 


Chapter  9— HOMING  GUIDANCE 


WINDOW 


NICKEL 
5“R  PE 


SP H I KGS 

MOUNT  \G 


V  RRCF: 


LEAD  WIRES 


33.164 

Figure  9-7.— A  simple  modern  bolometer* 

its  shape  in  proportion  to  the  amount  of  infrared 
entering  the  window.  Changes  in  shape  of  the 
diaphragm  will  cause  its  light- reflect iv e  proper¬ 
ties  to  vary  accordingly*  The  light  reflected 

from  the  diaphragm  will  then  pass  back  through 

the  grid,  which  is  designed  to  intensify  the  vari¬ 
ations  of  the  reflected  light.  After  passing 
through  the  grid,  some  of  the  light  strikes  the 
mirror  and  is  reflected  to  a  photocell  of  high 

sensitivity  (not  shown  in  the  figure.).  The  output 

of  the  photocell  is  a  voltage  proportional  to  the 

intensity  of  the  infrared  radiation  entering  the 

ws  ndow , 

The  Golay  detector  lias  the  most  rapid  re¬ 
sponse  of  any  infrared  detector,  but  it  can 
operate  only  when  radiant  heat  is  received  inter¬ 
mittently.  For  some  guidance  systems  this  fac¬ 
tor  makes  the  GoLay  detector  useless;:  in  others 
it  causes  no  difficulty. 

PHOTOELECTRIC  CELLS.-lti  the  light- 
homing  guidance  systems,  the  pickup  device  Or 
sensor  is  a  photoelectric  cell,  The  operation  of 

this  device  is  based  on  the  fact  that  certain 

metallic  substances  emit  electrons  when  they 
are  exposed  to  light.  Modern  photoelectric 
cells  are  quite  sensitive  to  light  variations; but, 
because  light  ig  easily  interrupted,  the  system 
is  subject  to  interference*  One  type  Of  photo¬ 
electric  cell  is  shown  in  figure  6-2. 

The  objection  to  photo  electric  cells  has  been 
partially  removed  by  the  recent  development  of 
cells  with  a  sensitivity  m  the  infrared  region. 
However,  the  extension  o'  the  range  of  opera- 

dor  changes  the  sensor  from  i  pure  photoelec¬ 
tric  device  to  a  thermoelectric  device*  it  is 
then  similar  in  operation  to  a  heat  sensor. 


Rapid  advances  iti  the  theory  of  photocon¬ 
ductivity  and  in  the  Technology  of  constructing 

practical  radiation  detectors  based  on  this 
phenomenon  have  greatly  improved  the  facility 
with  which  measurement  a  can  be  made  in  the 
region  1  to  5  microns*  The  materials  used  are 
sensitive  throughout  the  visible  spectrum  as  well 
as  In  the  infrared.  The  cell  that  is  sensitive 

over  the  widest  range  of  wavelengths  is  not 

necessarily  the  best  choice  for  each  application, 
Photo  conductive  ceils  do  not  depend  for  their 
response  on  being  warmed  by  the  incoming 
radiation* 


Photo  detectors  are  of  three  types— photo- 

conductive,  photovoltaic,  and  photoe missive. 
The  photoconductive  typo  is  the  one  we  have 
been  describing.  It  uses  material  that  varies 

in  resistance  according  to  the  radiation  ex¬ 
posure-  The  elements  used  are  usually  lead 

sulfide,  lead  selenide,  lead  tslluride,  and  ger¬ 
manium. 

Photovoltaic  cells  are  used  chiefly  in.  photo¬ 
meters.  They  are  usually  not 


grs 

sensitive  enough  [or  communication  purposes* 

Photo  emissive  cells  produce  an  electrical 

charge  when  exposed  to  light  waves*  They  are 
relatively  insensitive  but  provide  high  fidelity 
and  low  signal-noise  levels.  One  of  the  limiting 

factor  in  photocells  is  the  signal -to -noise 

ratio* 


Other  Radiation  Detectors 


LU  MINE  SC  EX  T  DETEC  TORS.  -  Lu  mine  s- 

ceirt  effects  are  those  that  appear  as  3  visible 

glow  on  films  or  screens  that  have  been  ex¬ 
posed  to  radiation*  The  term  fluorescence 

means  that  the  process  of  emission  of  electro¬ 
magnetic  radiation  is  the  result  of  absorption 
of  energy  by  the  fluorescent  system*  Fluor es- 
cent  materials  glow  only  as  long  as  the  radia¬ 
tion  continues,  while  phosphorescent  materials 

co  tit  ume  to  glow  for  some  time  alter  ward* 
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Figure  9-8..*—  A  Golay  detector* 
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CH  E-MIC  A  L  D  E  TE  C  'TORS .  -  PhdtQg raph  Lc 
emulsion  plates  chemically  coated  with  sub¬ 
stances  that  are  sensitive  to  the  shorter  wave¬ 
lengths  are  being'  developed  by  the  Navy. 

TARGET  CHARACTERISTICS 

In  passive  homing,  the  target  it  sell  must 
provide  all  the  necessary  information  for  mls- 
,5 ile  gutda nee*  F or  thi s  refl son  th e  c ha ra eter i s - 
tics  of  an  Individual  target  win  determine  which 
types  of  homing  system  can  be  used  against  it, 
and  under  what  conditions  they  can  be  used. 

If  the  target  is  fixed  in  location,  and  tias 
some  characterislic  by  which  the  missile  can 
readily  distinguish  it  from  the  surrounding  area, 

The  homing  guidance  problem  is  simplified  ,  Fig¬ 
ure  9-9  represents  an  air -to- surf  ace  or  surface- 
to~ surface  missile,  using  a  light- sensing  guid¬ 
ance  system  10  home  on  an  industrial  building. 
While  such  a  missile  might  be  useful  in  a  sur¬ 
prise  attack,  industrial  plants  would  certainly 
be  blacked  cut  during  a  war,  A  light- homing 
missile  ’would  then  have  no  way  tq  distinguish 
the  target  from  its  background*  But  infrared 
passive  homing  could  be  used  inthic.  application. 
And  it  would  probably  be  more  effective  than 

light -homing,  since:  the  heat  generated  by  an 

industrial  plant  can  not  be  readily  controlled, 
Figure  6-3  represents  a  passive  infrared 
homing  missile  attacking  an  aircraft,  The 
Navy's  Sidewinder  uses  this  type  of  guidance* 
The  tailpipe  of  a  jet  aircraft  is  a  strong  source 
of  infrared  radiation,  which  can  not  be  concealed* 

In  a  tail-chase  attack,  the  Sidewinder  is  highly 
effective,  Against  an  approaching  ]et  aircraft, 
missiles  dependent  upon  this  type  of  guidance 
’would  be  quite  useless*  Improvements  in  the 
Sidewinder  missile  guidance  system  have  been 


directed  toward  remedying  this  shortcoming  of 
the  early  moi  s  of  the  missile* 

A  sound- homing  system  might  also  be  used 
against  a  Jet  aircraft  target,,  even  though  both 
target  and  missile  are  traveling  faster  than 

sound.  Such  a  system  might  be  used  in  a  fail 
Chase ,  provided  the  target  does  not  maneuver 
radically,  Bui  you  have  probably  observed  that 
when  a  jet  passes  over  at  moderate  altitutde, 

the  sound  appears  to  come  from  a  point  at  some 

distance  behind  the  aircraft,.  A  sound -homing 
missile  would  steer  itself  toward  the  source  of 

sound,  rather  than  toward  the  target  itself*  For 
an  approaching  or  crossing  target,  the  required 
trajectory  would  be  too  sharply  curved  for  the 

missile  to  follow, 


MISSILE  COMPONENTS 


When  passive  homing  guidance  is  used,  the 

missile  must  contain  ALL  of  the  equipment 
needed  to  pick  upt  process,  and  use  the  infor¬ 
mation  given  off  by  the  target*  The  kind  and 
amount  of  equipment  required  is  determined  to 
a  large  extent  by  the  guidance  system  used,  and 
by  the  characteristics  of  the  target.  Consider¬ 
ation  must  also  be  given  to:  the  maximum 
range,  information  required,  accuracy,  operat¬ 
ing  conditions,  type  of  target,  and  speed  of  the 
target.  The  components  of  the  guidance  system 

in  the  missile  can  be  sectionalized  for  separate 
discussion*  We  will  explain  the  purpose  af  each 
section.  Figure  9“  10  shows  a  block  diagram  of 

a  passive  homing  guidance  system* 


Antenna  or  Other  Sensor 


Since  Information  given  off  by  the  target  is 

to  be  used  for  guidance,  some  means  must  he 


LIGHT  SEKKir^  MISSILE 


.“igure  9-9.— Missile  using  light-homing  guidance. 
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Figure  9-10,— Passive  homing  guidance  system,  block  diagram* 


144,41 


provided  to  pick  up  the  information.  For  elec¬ 
tromagnetic  systems,  a  conventional  radio  or 

radar  antenna  (streamlined  into  the  missile) 

would  be  used, 

A  heat- sensing  detector,  rather  than  an  an¬ 
tenna,  is  used  with  infrared  homing  guidance 
systems. 

Antenna  or  Sensor  Drive 

Previous  chapters  have  described  antenna 

scantling  methods.  The  reflectors  mentioned 
for  heat  or  light  homing  sensors  act  in  the  same 

way  as  a  radar  reflector.  Therefore,  greater 

control  accuracy  can  be  obtained  by  scanning  a 
target  with  the  reflector  and  sensor  units* 


Should  the  sensor  temporarily  lose  sight  of 

the  target,  a  spiral  or  sawtooth/ sc  an,  as  shown 

In  figure  9-1 1,  could  be  used  to  find  the  target 
again.  Notice  that  both  types  of  scan  cover  a 

large  area* 


In  spiral  scanning  the  amount  of  tilt  given  the 
dish  is  varied  at  the  dish  is  nutated,  resulting 

in  a  Spiral  pattern.  Sawtooth  or  vertical  scan¬ 
ning  is  used  to  determine  position  angle  and  al¬ 
titude  of  the  target*  (Position  angle  is  the  angle 
between  the  horizontal  and  the  line  of  sight  to 

the  ta  rget , ) 


The  scanning  action  is  controlled  by  the  an¬ 
tenna  or  Sensor  drive  unit,  which  is  shown  in 

the  block  diagram  of  figure  9-!2* 
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Figure  9- 12 *— Inf rar&d  target  detection:  A*  Infrared  detector  which  uses  four  bolometer  arms; 

B.  Guidance  system  using  a  bolometer* 


After  the  antenna  or  sensor  has  picked  up 

the  information,  other  equipment  in  the  missile 

must  convert  the  information  into  error  signals, 
If  the  missile  is  off  course.  Before  this  can  be 
done,  however,  there  must  be  something  to 
compare  with  the  sensor  signal* 

Reference  Unit 


The  comparison  voltage  is  taken  from  the 
reference  unit.  This  voltage  may  be  obtained 
from  an  outside  source,  or  It  may  be  taken 
from  recorded  information  that  was  pot  into  the 
missile  before  launching*  Actual  operation  of 
the  mis  ail  e  guidance  controls  takes  place-  only 
when  an  error  signal  is  present.  Note  that  the 
reference  unit  is  connected  to  both  the  pitch  and 
yaw  comparators  in  the  block  diagram  of  figure 
9-10*  Various  types  of  reference  units  and 
reference  devices  were  discussed  in  chapters 
5  and  6, 


Signal  Converter 


The  out  put  of  the  sensor  unit  is  an  extremely 

small  voltage.  This  voltage  is  fed  to  a  signal 
converter,  which  builds  up  the  strength  gf  the 
signal  and  interprets  the  Information  contained 
in  it,  The  output  of  the  signal  converter  is  fed 
to  riie  pitch  and  yaw  comparators  along  with  the 
Signal  from  the  reference  unit* 


The  comparators  are  electronic  calculators 
that  rapidly  compare  reference  and  signal  volt¬ 
ages  and  determine  the  difference  (.error),  if 

any,  between  the  two  signals,  it  is  possible  for 
an  error  signal  to  be  developed  in  the  pitch 
comparator  while  no  error  signal  is  developed 
in  the  yaw  comparator.  Should  this  happen,  the 
missile  would  be  higher  or  lower  than  the  desired 
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trajectory.  The  output  voltage  from  the  pitch  the  insulating  segments,  and  no  error  signal 


comparator  is  then  fed  to  the  missile  automatic 

pilot. 


results.  With  an  off-center  target,  the  circle 
of  the  rotating  target  image  is  now  offset  from 

the  center  of  the  bolometer.  In  thLs  condition, 


Autopilot 

The  automatic  pilot,  or  autopilot,  operates 

missile  flight  controls  in  much  the  same  way 
as  a  human  pilot  operates  airplane  controls. 
The  components  making  up  the  autopilot  assem¬ 
bly  have  been  described  elsewhere  in  this  text. 
In  order  to  shift  the  flight  controls,  the  autopilot 
must  get  ''orders' '  from  some  circuit.  The 

orders  are  in  the  form  of  error  signal  voltages 
from  the  comparators.  The  error  signal  volt¬ 
ages  operate  motors  or  hydraulic  valves  which  r 
in  turn,  operate  the  flight  control  surfaces. 


the  bolometer  arms  divide  the  circle  into  un¬ 
equal  sectors  and,  as  a  result,  the  image  inter¬ 
sects  the  Oakes  when  the  commutator  arms  are 
on  the  conducting  segments,  and  the  proper  er¬ 
ror  signals  are  developed. 

As  the  mirror  scans  the  target  area  (fig,  fl- 
12®),  the  thermal  image  of  the  target  it  re¬ 
flected  onto  the  flakes,  causing  their  resistance 

to  change.  When  the  resistance  of  each  changes, 
the  voltage  at  the  junction  of  each  pair  will  rise 

or  fall,  depending  on  which  Hake  is  affected, 

thus  transforming  the  infrared  signals  into 
electrical  voltage  pulses.  These  pulses  are 
transmitted  to  the  amplifier  section  aa  either 


INFRARED  TARGET  DETECTION  vertical  or  horizontal  Information.  The  com¬ 


mutator  converts  the  two  channel  signals  into 


Regardless  of  what  materials  are  used  til  four  channels  of  intelligence  corresponding  to 

infrared  detectors,  the  sensing  elements  sire  UP,  DOWN,  LEFT,  or  RIGHT  in  the  ERRGR- 

usu&lly  placed  at  the  focal  point  of  a  parabolic  DETECTOR  section.  The  terms  horizontal  and 

mirror,  or  are  used  in  conjunction  with  tenses  vertical  as  used  here  refer  to  the  signals  de- 

which  provide  maximum  concentration  oi  the  veloped  by  the  vertically  and  horizontally  posl- 

infrared  signals  at  the  sensitive  surface.  The  tinned  bolometer  flakes,  and  do  not  necessarily 

sensor  unit  is  commonly  referred  to  ag  aborning  imply  that  such  signals  will  cause  correspond- 

head.  ing  turning:  of  the  homing  head.  The  exact 

One  method  of  obtaining  direct iona.1  infer ma-  designation  of  the  intelligence  Is  not  available 

tion  is  by  the  use  of  a  rotating  mirror  whose  until  the  signals  reach  the  SENSING  CIRCUITS 

optical  axis  is  offset  from  its  axis  of  rotation  in  the  error  detector. 

that  the  focal  point  describes  a  small  circle.  The  function  of  the  amplifier  section  is  to 

En  this  arrangement,  the  detector  often  constats  amplify  and  rectify  the  pulse  signals  delivered 

of  four  bolometer  elements  arranged  inacruci-  by  the  bolometer  so  that  only  positive  pulses  oi 

form  pattern.  It  is  placed  so  that  the  focused  high  amplitude  are  available  at  the  outputs  for 
radiation  sweeps  across  each  of  the  elements  in  the  error  detector.  There  are  two  complete 

succession,  as  shown  in  figure  9-12A,  channels  in  the  signal  amplifier  and  error- 

\n  addition  to  the  mirror  and  detector,  two  detector  sections;  one  channel  processes  the 

commutators  are  included  in  the  homing  head,  signals  from  the  horizontal  bolometer  flakes; 
eitcJi  of  which  contains  a  pair  of  conducting  seg-  the  other  uses  the  signals  from  the  vertical  pair. 

mentE.  separated  by  insulating  spaces.  One  (The  two  channels  are  identical.) 

commutator  connects  one  pair  of  bolometer  The  gyroscope  is  used  for  stabilizing  the 

flakes  to  the  left-right  control  circuits,  while  homing  head  and  for  measuring  the  angular 
the  other  connects  the  remaining  pair  to  the  up-  rates  about  the  line  of  sight  (LOS), 
down  circuit  a  (fig,  9-1  SB).  Each  commutator 

has  a  rotating  arm  which  is  driven  by  the  mirror  RADIO  FREQUENCY  PASSIVE 
shaft.  When  the  target  is  dead  ahead,  the  ro-  HOMING  GUIDANCE 


tpting  target  image  formed  by  the  mirror  de¬ 
scribes  a  circle  centered  with  respect  to  the 
bolometer  arms.  As  a  result,  the  bolometer 

arms  divide  Hie  circle  into  four  9Q"  sectors. 
In  this  condition,  each  time  the  image  intersects 

one  of  the  bolometer  arms,  the  signals  developed 

Cannot  pass  to  the  control  circuits,  because  at 

this  instant  the  commutator  arms  are  on  one  of 


queiicy  intelligence  is  the  direction  finder,  The 
intelligence  may  be  derived  from  phase  com¬ 
parison  techniques  (such  as  an  interferometer) 
if  the  energy  transmitted  by  the  target  is  of  such 
form  as  to  make  this  passible,  For  example,  if 

the  target  is  operating  a  pulse  type  radar,  phase 
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comparison  techniques  would  be  possible* 
Another  means  or  deriving  intelligence  from  the 

neresy  transmitted  by  the  target  is  by  compari¬ 
son  of  the  amplitude  of  the  received  signal  dur- 


o nly  if  information  is  available  concerning  the 
frequency  band  in  which  the  target  is  transmit 
ting.  In  addition,  it  is  necessary  that  the  mis¬ 
sile  receiver  be  capable  of  being  tuned  over  this 
frequency  band* 


SEMI  ACTIVE  HOMING  SYSTEM 

BASIC  PRINCIPLES 


In  a  semiaettve  homing  system,  >he  Target 
is  illuminated,  by  sonn-  means  outside  the  tar¬ 
get  or  the  missile*  Normally,  radar  U  used 

for  this  type  of  homing  guidance*  by  sending  a 

radar  beam  to  the  target*  The  beam  is  re¬ 
flected  from  the  target,  and  picked  up  by 
equipment  in  the  missile*  The  radar  trans¬ 
mitter  might  be  located  at  a  ground  site,  or 
it  might  be  aboard  a  ship  or  aircraft.  See 
figure  B-0.  Because  the  energy  transmitter 
is  not  in  the  missile,  but  on  the  larger  delivery 

vehicle  (ship,  aircraft  *  the  size  and  weight  of 

the  transmitter  can  be  much  larger  than  in 

passive  homing  missiles,  permitting  the  use  nf 

longer- range,  high  power  transmitters.  The 
missile,  without  a  transmitter,  has  space  for 
additional  explosive  material  to  increase  the 
area  of  damage,  more  propel  la  nl  to  increase 
its  range,  or  more  guidance  equipment  to  in¬ 
crease  its  accuracy.  However,  these  advan¬ 
tages  are  gained  at  a  price.  Since  the  missile 
operates  solely  on  energy  from  tlie  transmitter 
oei  the  ship  (or  aircraft),  the  ship  cannot  break 
off  the  attack,  or  attack  another  target,  while 
it  has  missiles  ir.  flight.  While  the  time  ::f 
flight  is  very  short,  it  could  be  a  decisive 
moment  during  which  the  transmitter  is  not 
free. 


A  modified  version  of  the  semis ctlve  tech¬ 
nique  hag  the  transmitter  located  in  the  mis¬ 
sile  and  the  receiver  of  the  reflected  energy 
at  some  remote  point.  Computation  of  the 
desired  flight  path  takes  place  at  the  remote 
point  and  suitable  commands  are  sent  to  the 

missile*  This  system  Is  known  as  a  quasi¬ 
active  homing  guidance  system. 


Semi  active  homing  is  used  for  all  Or  part 


of  the  trajectory  of  several  of  oui  best- known 
missiles,  including  Terrier,  Talcs,  and  Tartar. 


LAUNCHING  STATION  COMPONENTS 

In  a  semiactive  homing  guidance  system, the 
launching  station  components  are  similar  to 
those  required  for  a  beam- rider  guidance  sys¬ 
tem  (chapter  0).  The  target  is  tracked  by  radar. 
The  tracking  radar  itself  may  be  used  as  the 
source  -of  target  illumination  for  missile  guid¬ 
ance,  or  a  separate  radar  may  be  used  for  this 

purpose. 

The  transmitter  may  be  a  surface  installation 
on  the  ship  or  at  a  shore  station,  or  it  may  be  in 
an  aircraft.  The  transmitted  energy  may  be  in 
the  form  of  radio,  light*  or  heat.  The  missile 
Launcher  may  be  In  close  proximity  to  the  trans¬ 
mitter,  but  not  necessarily  so. 

MISSILE  COMPONENTS 


The  missile,  throughout  its  flight,  is  be¬ 
tween  The  target  and  the  radar  that  illuminates 

the  target.  It  will  receive  radiation  from  the 
launching  station,  as  well  :-.s  reflections  from 
the  target*  The  missile  must  therefore  have 
some  mi-atiE  for  distinguishing  between  the  two 

signals,  so  th.it  it  can  home  on  the  target  rather 

than  cm  the  Launching  station.  This  can  be  done 
in  several  ways.  For  example,  a  highly  direc¬ 
tional  antenna  may  be  mounted  in  thenoseof  the 
missile.  Or  rhe  floppier  principle  may  be  used  to 
distinguish  between  the  transmitter  signal  and 
the  target  echoes.  Since  the  missile  is  receding 


from  the  transmitter,  and  approaching  the  tar¬ 


get,  the  echo  signals  will  be  of  a  higher  fre¬ 


quency* 

The  radar  receiving  antenna  in  the  head  of  the 
missile  is  called  the  seeker  or  seeker  head.  It 
receives  echoes  from  the  target .  The  semiactive 
homing  am  emu  system  locates  the  target  and 
automatically  Tracks  it.  The  tracking  process 
locates  the  line  of  sight  between  the  target  and 
the  missile.  A  computer  in  the  guidance  system 

uses  this  tracking  Information  to  produce  steer¬ 
ing  signals.  The  missile*  however,  does  not  fly 
along  a  line  of  sight,  but  follows  a  collision 
course*  or  rather,  a  refined  collision  course. 
The  missile  receives  this  refinement  before  it 
is  launched.  It  receives  this  navigational  in¬ 
formation  through  the  warmup  contactor  of  the 
launching  system.  Most  of  our  missiles  are 
3 1 ven  a  wa rump  period  just  b e  J ore  1  oad mg  on  the 
launcher  and  a  final  warmup  while  on  The 
launcher,  just  before  firing. 

To  intercept  high-speed  targets  like  a  super¬ 
sonic  aircraft  or  a  m isslle,  the  semiactive 
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homing  missile  must  follow  a  lead  (collision 


To  achieve  *he  desired  straight-line  course 


course.  If  the  target  flies  a  straight- line  during:  the  final  and  critical  portion  of  the  at 

constant- velocity  course,  the  missile  cm  also  tack,  the  missile  must  turn  at  a  rate  greater 

follow  a  st  r a  ic;  ht-  li  nc 


course  if  its  than  the  line  of  sight  is  turning.  By  over- 
velocity  does  not  change.  In  actual  situations,  correcting  the  missile  path,  a  new  collision 
there  usually  are  variations  In  speed,  change  in  heading  is  reached  and  the  hearing  angle  will 
path,  maneuvers  of  the  target,  etc.  The  missile  remain  almost  constant,  especially  near  inter- 


has  to  ad  ;ust  its  direction  to  maintain  a  constant 


cept 


This  technique  results  In  a  proportional 


bearing  with  the  target.  The  components  m  the  navigation  course  (fig,  9-13B).  it  Is  sometimes 
missile  must,  be  able  to  sense  the  changes  and  called  the  N  factor,  or  navigation  ratio,  which 
make  the  necessary  adjustments  in  its  course  is  the  ratio  of  the  rate  of  turn  of  the  missile  to 
to  the  target,  Missile  velocity  seldom  is  con-  the  rate  of  turn  of  the  line  of  sight  (rate  of 

Irregular  propellant  burning  changes  change  of  target  bearing).  The  missile  fire 
thrust  and  therefor*  affects  speed.  Wind  gusts  control  computer  on  shipboard  computes  the 


and/or 


air  density  can  change  the  Speer!  and  ratio  and  transmits  it  to  the  missile  launching 


path  of  the  missile.  The  same  factors  can  in- 


svstem  for  transfer  to  the  missile's  guidance 


fluence  the  target.  The  missile  must  use  propor-  and  control  system, 
tional  navigation,  described  in  chapters  2  andG, 

and  at  the  beguining  of  this  chapter,  to  achieve  For  the  purposes  of  this  text,  we  can  think 
target  Intercept*  If  the  missile  path  is  changed  of  the  missile  guidance  components  as  divided 
at  the  same  rate  as  the  target  bearing  (fig*  into  several  distinct  sections*  These  are  shown 


9- ISA),  the  missile  will  have  to  turn  at  an  in-  in  block  diagram  form  in  figure  ft- 14*  Note  that 
creasing  rate  (positions  1  to  6),  and  will  end  up  these  are  the  components  in  the  missile;  launch¬ 
ing  station  guidance  components  are  not  shown. 


chasing  the  target 


6  and  7). 


flight  path  follows  a  pursuit  curve  and  the  missile  A  comparison  of  figures  9*  10, 9-14,  and  ft- 15  will 

cannot  maintain  a  constant  bearing  with  the  show  much  similarity  of  components,  As  pointed 

target.  It  is  fust  keeping  up  with  changes  in  out  at  the  beginning  of  this  chapter,  all  types  of 

target  bearing  and  may  not  be  able  to  catchup  homing  guidance  use  the  same  blocks  of  com- 

with  the  target,  ponents,  Their  location  and/or  use  will  differ. 


219 


PRINCIPLES  OF  GUIDED  MISSII  ES  AND  NUCLEAR  WEAPONS 


pi™ 

CCfcP&HAT'Ifi 


ftCCCf.'l  «i 


Ti# 


L’iTE.V's- 

Dfti*  E 


Cucn.ftftwi. 
com  PiRiToe 


PTOH 

$UMOWW) 

£CMir*4rtA1Cn 


144.43 

Figure  §-14, -Semicative  homing  37s tfims; 

block  diagram. 


144.44 

Figure  9“  1 5.— Active  homing  system; 

block  diagram* 


In  both  the  active  and  semiactive  homing  sys¬ 
tems,  the  missile  receiving  antennas  and  asso¬ 
ciated  equipment  must  be  designed  insucha  way 
as  to  produce  directional  information  which  will 
enable  the  missile  to  be  guided  to  the  target* 
To  carry  out  this  function }  the  receiving 
antennas  are  mounted  in  a  gyro- stab*  1  12  ed  hom¬ 
ing  head.  The  gyros  provide  the  up-down,  right- 
left  references  on  which  the  missile  will  base  its 


maneuvers  to  approach  the 
tional  uavigati  :.  method. 


'  thepr  jpor 


A  nt  enna 


Radar  is  generally  used  for  semiactive  hom¬ 
ing  guidance.  The  antenna  in  the  missile  must 

therefore  be  capable  01  detecting  radiation  at 
radar  frequencies*  It  is  mounted  in  the  nose  of 
the  missile,  since  information  is  being  obtained 
from  the  target  area  and  the  missile  is  ap¬ 
proaching  the  target  nose  firs'  .  When  a  beam- 

riding  system  is  need  far  the  intermediate  phase 

□1  guidance,  a  separate  be  am- rider  antenna,  is 
mounted  near  the  tall  of  the  missile.  Some  mis¬ 
siles  with  a  semiactive  homing  system  also  have 
a  small  antenna  at  the  after  end  of  the  missile, 
rearward- looking,  to  receive  tl  1  u tnina t or  energy 
directly  from  the  illuminator  radar.  This  rear 
signal  is  used  as  a  reference  to  which  the  front 
signal  is  compared  to  determine  the  nnss Re¬ 
target  closing  rate*  This  closing  rate  range 
rate)  is  detected  by  measuring  th#  Doppler  effect 
which  causes  3  frequency  difference  between  the 
incoming  front  and  rear  signals.  The  Doppler 


shift  is  proportional  to  the  range  rate*  The  range 
rate,  plus  antenna  turning  rates  and  position, 
are  supplied  to  the  autopilot,  which  steers  the 

missile  on  a  proportional  navigation  course  to 
intercept. 

Antenna  Drive 

in  some  systems,  the  homing  guidance  an¬ 
tenna  may  use  a  form  of  conical  for  nutating) 
5 nan  in  orde  r  10  take  full  advantage  of  the  guid¬ 
ance  signal.  Conical  seaming  (fig*  8-6)  has 
the  advantage  that  the  antenna  can  receive  sig¬ 
nals  from  points  off  the  mi  sail  e  axis*  This  de¬ 
creases  the  chance  that  tht  missile,  while  ham* 
ing,  may  lose  its  target  and  go  out  of  control. 
The  drive  unit  keeps  the  antenna  continually 
pointed  at  the  target* 

Receiver 

A  radar-type  receiver  must  be  used  in  the 
missile  when  radar  is  used  for  semi  active  hom¬ 
ing*  The  signals  picked  up  by  the  antenna  as  it 

scans  the  target  area  are  fed  into  the  receiver, 
The  receiver  operates  in  a  conventional  manner 
as  described  in  chapter  7.  The  signals  at  the 
output  of  the  receiver  arc  not  suitable  for  use 
in  activating  the  missile  flight  controls  without 
further  processing. 


Signal  Converter 


The  receiver  output  is  fed  to  the  signal  con¬ 
verter,  which  changes  the  signal  to  a  form  that 
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can  be  used  for  comparison  with  signals  from 

another  section  of  the  missile  electronic  equip¬ 
ment. 


Heferertce  Unit 

The  reference  unit  furnishes  the  comparison 

signal,  This  information  might  be  placed  in  the 
missile  just  p  rior  to  launching .  It  could  be  stored 
in  a  variety  of  forms,  such  as  magnetic  wires, 
magnetic  tapes,  punched  paper  tapes  or  punched 
Cards*  Before  a  guidance  system  can  function, 
an  error  signal  must  be  produced.  The  error 
in  flight  path,  if  any,  can  be  determined  by 

comparing  the  reference  rrijgnii  1  and  the  signal 
from  the  converter  section*  Comparison  of  the 

two  signals  takes  place  In  other  sections  of  the 
missile  electronic  equipment. 

Comparators 

The  missile  flight  controls  may  be  used  to 
correct,  the  lateral  or  vertical  trajectory  of  the 

missile,  Since  it  is  possible  for  the  missile  to 
be  on  the  right  course  vertically  but  off  course 

laterally,  two  comparators  are  Used,  The  output 

from  the  reference  unit  and  the  output  from  the 
signal  converter  are  fed  to  both  the  pitch  and  yaw- 

comparators. 

Should  there  be  no  difference  in  the  two  sig¬ 
nals  at  cither  comparator,  the  controls  would 
remain  in  neutral  position.  However,  should 

there  be  a  difference  in  the  two  signals  at  either 

comparator,  error  signals  will  be  generated. 
The  error  signals  arc  not  suitable  for  use  in 
controlling  the  missile  flight  surfaces  and  must 
be  sent  to  other  sections  of  the  guidance  system 
before  they  can  be  used* 

Autopilot 


assistance  from  any  other  outside  source.  The 
semiactive  homing  system  needs  some  source 
outside  the  target  or  missile  in  order  to  obtain 
course  information* 


The  ad v a nla s e  of  the  passive  system  is  that 
it  needs  no  source  of  information  other  than  the 
target,  The  equipment  carried  by  the  missile  is 

less  than  that  required  for  most  uther  systems. 

The  disadvantage  of  the  passive  guidance  system 
is  its  dependence  on  the  target.  It  is  highly  un¬ 
likely  that  mi  enemy  would  leave  target  areas 

lighted,  or  permit  electromagnetic  broadcast^ 
from  the  target  areas. 

In  the  semiactive  system,  control  informa¬ 
tion  comes  from  a  source1  outside  the  missile  or 


target  area*  A  semiactive  homing  system  de¬ 
pends  for  guidance  On  equipment  outside  the 
target  area  or  the  missile.  This  requires  extra 
equipment,  both  in  the  missile  and  at  tbs  launch¬ 
ing  or  control  point.  Semitic  five  homing  sys¬ 
tems,  like  most  guidance  systems,  arc  subject 

to  jamming  and  other  forms  of  interference. 

However,  antijamming  devices  in  modern 

missiles,  and  switching  capability  that  permit 

switching  to  another  method  when  the  signal  is 
jammed  by  the  target,  have  greatly  reduced  the 

effectiveness  of  lamming  tactics. 


ACTIVE  HO  MING  GUIDANCE 

BASIC  PRINCIPLES 

The  active  guidance  system  uses  equipment 
in  the  missile  to  illuminate  the  target,  and  to 
guide  the  missile  to  the  target.  !  See  fig.  6-8  ). 
Usually,  a  radar  set  is  used  for  target  illumina¬ 
tion.  Tilt  signals  return  to  the  missile  as  radar 
echoes,  which  are  processed  for  use  as  guidance 
signals. 


The  missile  flight  control  surface  operation 
is  controlled  by  autopilots.  These  devices  a  re  a 

combination  of  gy  roe  copes  and  electrical  units 

which  have  been  described  elsewhere  in  ibis 
manual.  The  autopilot  controls  operation  of  The 

hydraulic  or  electric  system  which,  in  turn  op¬ 
erates  the  flight  control  surfaces.  There  arc  two 
au topilots  —  one  for  the  pitch  control  surfaces 
and  one  for  the  yaw  control  surfaces. 

COMPARISON  WITH  PASSIVE  HOMING 

The  passive  guidance  system  obtains  all 

guidance  information  from  the  target,  without 


MI  SSI  LE  COM  PONE  N  T  S 


The  missile  components  in  an  active  homing 

guidance  system  includ  e  all  those  used  In  a  semi- 
active  homing  guidance  system,  plus  a  radar 
transmitter  and  duplexer.  The  principal  com- 
pc  nents  are  shown  in  the  block  diagram  Of  figure 

9-15. 


Antenna 

The  antenna  is  the  same  as  described  for  the 
serniactive  system,  and  is  mounted  in  the  nose  of 
the  missile. 
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Antenna  Drive 


Autop  LIrjt 


When  the  target  area  is  conically  scanned, 
the  antenna  driving  unit  provides  the  power 
needed  for  this  purpose* 

Transmitter 


The  transmitter  carried  in  the  missile  Is 
similar  to  a  conventional  radar  transmitter.  It 
may  use  either  FM  or  pulsed  modulation.  Since 
homing  guidance  does  not  require  long  range 
equipment,  the  transmitter  power  can  be  con¬ 
siderably  less  than  that  Used  far  comma nd guid¬ 
ance  or  tracking*  The  method  of  modulating  Che 
transmitter  can  be  changed  frequently  to  lessen 
the  effectiveness  of  enemy  countermeasures* 


Duplexes 

The  duplexer  is  a  form  of  electronic  switch. 
In  operation,  it  serves  to  connect  the  antenna  to 
the  transmitter  during  the  sending  of  a  pulse. 
At  the  same  time,  it  presents  a  high  impedance 
(electrical  opposition)  at  the  receiver  input.  This 
keeps  the  powerful  transmitter  pulse  iron-, 
damaging  the  receiver* 

As  soon  as  the  pulse  is  transmitted,  the  du- 
p lexer  then  offers  a  low  impedance  path  from 
the  antenna  to  the  receiver.  The  action  of  the 

duplexer  provides  an  automatic  switching  means, 

so  that  the  same  antenna  can  be  used  for  both 
transmitting  and  receiving. 


Reference  Unit 

The  reference  unit  in  die  active  homing  guid¬ 
ance  system  serves  the  same  purpose  as  those  m 
the  passive  and  semiactive  homing  guidance 

system  s . 

Signal  Converter 

The  output  of  the  receiver  isfedtothe  signal 
converter,  so  that  die  reflected  signal  will  be 
suitable  for  comparison  with  the  output  of  the 
r  ef  e  r  enc  e  unit  *  The  pur  po  s  e  a  t  id  operat  ion  of  th  e 
signal  converter  Is  the  same  as  for  the  semi- 
active  homing  guidance  system. 

Comparators 

The  comparators  serve  the  same  purpose  as 
those  in  the  semiactive  system. 


the  hydraulic  system,  which  is  activated  by  the 
autopilot  in  the  same  way  as  described  for  the 

semi  active  system* 

COMPARISON  WITH  SEMI  ACTIVE 
HOMING  SYSTEM 


The  active  homing  guidance  system  may  b« 
used  in  any  application  where  the  target  can  be 
distinguished  from  the  surrounding  area  by  the 
r ad  iat  ion  it  r  efl  ect  s  *  Of  cou  r  s  e ,  th  e  mor  e  p  ro ta¬ 
in  ent  the  target,  the  greater  the  accuracy  of 


homing  guidance. 

An  advantage  of  the  active  homing  guidance 
System  is  its  independence  from  any  outsid? 

source  of  target  illumination,  Atthesainetim^ 
tlvi s  is  a  di sad va  ntage  b  ecau  se  of  t  kue  added  equip¬ 
ment  needed  in  the  missile.  Also,  the  system  is 
subject  to  countermeasures.  Beit  this  problem  is 
less  serious  than  it  might  be*  be  cause  the  hominy 


guidance  equipment  is  active  for  only  a  relatively 
brief  part  of  the  missile's  flight  time* 


INTERFEROMETER  HOMING 


Interferometer  homing  is  homing  guidance  in 
which  target  direction  is  determined  by  com¬ 
paring  the  phase  of  the  echo  signal  as  received 
at  two  antennas  precisely  spaced  a  few  wave- 


The  interferometer  is  a  device 

,  using  the  inter- 


lengths  apart. 

for  measuring 
fr-rence  as  the  measuring  tool*  Acoustic  Inter¬ 
ferometers  measure  velocity  and  attenuation  of 

*  The  Michel  son 


sound  waves  in  a  gas  or 
stellar  interferometer  solves  the  problem  of 
measuring  the  diameter  ol  stars  too  small  or 
distant  for  telescopic  measurement.  Various 
other  interferometers  are  used  for  other  ex¬ 
acting  measurements. 

Missile  pitch  and  yaw  rates  are  compared 
with  the  interferometer  signal  and  the  difference 
is  used  as  the  steering  signal.  Both  active  and 
semiactive  homing  systems  make  use  of  the 

interferometer  principle. 


INTERFEROMETER  PRINCIPLE 


To  determine  the  target's  position  with 
respect  to  the  missile,  the  receiving  antenna 
system  in  the  missile  relies  on  the  interferom¬ 
eter  principle.  To  under  stand  how  this  principle 
is  applied,  first  refer  to  figure  9-16.  In  this 
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Figure  9-15,— Interferometer  principle. 


figure*  a  pair  of  stationary  receiving  antennas 
(A  and  B)  are  receiving  information  from  a 
transmitter  located  equidistant  from  them  (at 

point  1 ),  (The  transmitter  can  he  considered  to 

be  relaying  reflected  radar  energy  from  a  tar¬ 
get,)  Since  the  antennas  are  equidistant  from 

the  transmitter,  the  signals  from  the  transmit  ter 

will  arrive  at  the  two  antennas  in  phase.  The 

signals  will  therefore  add  across  the  Load  to 
produce  a  resultant  signal  of  maximum  ampli¬ 
tude,  If  the  transmitter  wore  now  moved  to  point 

2,  the  differences  in  distance  from  the  trans¬ 
mitter  to  the  antennas  would  causa  the  signals  to 
arrive  at  the  antennas  in  a  different  phate  re¬ 
lationship*  thereby  resulting  in  a  different  ampli¬ 
tude  of  the  combined  signal.  If  we  continue  to 

move  the  transmitter  to  the  right,  the  amplitucU 

of  the  combined  signals  will  vary  sinusoidally. 

We  can  therefore  say  that  the?  direction  of  the 
transmitter  from  the  antenna  system  can  be  de¬ 
termined  by  the  amplitude  variation  of  the  com¬ 
bined  signal. 

The  RATE  of  transmitter  movement  will 
cause  die  combined  signal  to  vary  at  a  specific 
rate.  For  example,  if  the  transmitter  moved  to 
die  right  at  4s  per  second,  the  combined  signal 
might  vary  at  2  cycles  per  second.  As  the  trans¬ 
mitter  moved  to  the  right  at  Bc  per  second,  the 


combined  signal  would  vary  at  4  cycles  per  sec¬ 
ond,  etc.  Hius,  by  using  the  interferometer, 
we  can  determine  both  the  direction  and  the  rate 
of  movement  of  the  transmitter, 

Unfortunately,  if  the  transmitter  were  moved 

cd  the  left  in  the  foregoing  example,  the  same 

variations  of  the  combined  signal  would  result. 

To  allow  the  interferometer  to  determine 

whether  a  target  is  moving  to  rigid  or  left,  it  is 


necessary  to 


a  phase  shifter  to  one  antenna 


{fig  ,9-17),  Th  c  pha  s  e  shift  e  r  p row  tde  s  the  e  f f  ec  t 

of  scanning  the  antenna  B  sensitivity  lobes  at, 

for  example*  200  cycles  per  second.  With  the 

transmitter  on  the  center  line,  the  signal  from 

antenna  A  will  vary  at  200  cycles  per  second 

with  respect  to  the  sternal  from  antenna B, 

if  the  transmitter  moves,  the  2 00- cycle  com- 

ponent  associated  with  antenna  B  will  increase 

or  decrease  to  indicate  the  direction  of  target 

motion.  If  the  target  moves  to  the  Tight,  for 

example*  this  component  might  increase  to  201 

cycles  per  second.  If  the  target  moves  to  the 

left,  "he  component  mi^ht  decrease  to  199  cycles 
per  second. 

the  phase  shifter  included  in  the  antenna 

system,  the  missile  can  now  detect  changes  In 
target  motion  to  the  right  or  left  as  well  as  the 


A 


PHASE  SHIFTER 


33*171 


Figure  9-17,— Interferometer  with  phase 

shifter  on  antenna  B. 
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rate  of  target  motion  in  either  direction.  To  de 


tect  target  motion  in  the  vertical,  the  same 
principles  are  involved  in  installing  a  separate 
antenna  system  and  phase  shifter  in  the  missile 
nose,  one  antenna  being  located  above  the  other. 

You  will  remember  from  the  early  part  of 
this  chapter  that  proportional  navigation  was 
based  on  a  nonrotating  LOS.  Since  the  resultant 
signals  produced  in  the  antenna  system  just 


d  escr ibed  a  t  e  p roduc  eci  toy  LOS  r  ota  ti  on ,  th  e  m  is- 
sile  accepts  these  signals  and  generates  control 
surface  correction  .signals  which  tend  to  reduce 
the  LOS  rotation  rate  to  sserfln  When  this  has 

been  achieved,  the  missile  will  be  on  a  collision 
course  with  the  target.  Any  changes  in  target 
course  and  speed  will  be  immediately  sensed  by 
the  ant  anna  system  in  the  missile,  and  further 


corrections  will  toe  made  as  necessary. 


CHAPTER  10 


OTHER  GUIDANCE  SYSTEMS 


PR  ES  E  T  GU  Wi A  XC  E 


INTRODUCTION 


In  earlier  chapters  we  described  guidance 
systems  in  which  the  missile  trajectory  de¬ 
pends  on  Information,  received  from  one  Or 
more  control  points ,  or  from  the  target  itself. 
But,  under  certain  conditions,  these  systems 


are  impractical. 


is  espe 


t  ru  e  for 


long- range  missiles,  In  this  chapter,  wc  will 
discuss  several  guidance  systems  in  which 
the  missile  is  Independent  of  control  points 
and  target  signals. 

Perhaps  the  simplest  of  these  is  the  PRE¬ 
SET  GUIDANCE  system,  In  this  system,  all  the 


It  may  also  be  used  for  one  phase,  usually 

the  initial  phase,  of  the  trajectory  of  a  missile, 

In  setting  up  a  flight  plan  for  preset 
ante,  missile  speed  is  used  to  determine  the 
required  time  of  flight.  Assume,  for  example, 
that  a  missile  is  to  be  fired  at  a  target  500 
nnles  north  of  the  launching  site*  The  direc¬ 
tion  and  distance  of  rhe  target  from  the  launch 
site  have  beta  accurately  determined*  Assume 
that  the  speed  of  the  missile  can  be  controlled, 
or  at  least  can  be  predicted  with  enough  accu¬ 
racy  to  program  the  flight. 

If  we  assume  an  average  missile  speed  of 
miles  per  hour,  the  missile  would  require 
minutes  to  travel  from  the  launch  site  to  the 


Information  needed  to  make  the  missile  follow  a  target*  The  built-in  control  system  would  take 

desired  course,  and  terminate  Us  flight  at  a  the  missile  to  cruising  altitude,  keep  it  headed 

desired  point,  is  set  into  the  missile  before  it  north  for  15  minutes,  and  then  move  Us  flight 

is  launched,  This  information  includes  the  de-  surfaces  to  make  It  dive  straight  down  on  the 

sired  heading,  altitude,  time  or  length  of  the  target* 


[light,  and  programmed  turns  fif  any)* 

The  preset  missile  is  PROGRAMMED  to 
carry  out  certain  functions  along  its  flight  path, 

Examples  of  the  functions  which  a  preset  mis¬ 
sile  may  carry  out  are  changes  of  course  and 
speed,  arming  of  the  warhead,  and  commencing 
a  dive  on  a  target  (terminal  phase). 

In  the  preset  missile,  information  relating 
to  the  targets  location  must  be  set  into 
missile  prior  to  launch*  The  position  Of  the 
launching  site  must  also  be  known  with  accuracy. 


Preset  guidance  has  several  limitations* 
Such  things  as  headwinds  and  crosswinds  will 
obviously  affect  the  speed  and  course  of  the 
missile.  To  compensate  for  the  effects  of 

wind,  the  missile  needs  some  means  for  meas¬ 
uring  Its  ground  speed,  and  for  changing  its  air 

speed  as  required.  But,  when  solid  fuels  are 
used*  changing  the  air  speed  of  the  missile  is 
difficult, 


C  rOs s  wi  ad  s 


exist  at  one  altitude  but 


With  this  information  known,  the  preset  functions  not  at  another*  Thus,  the  altitude  at  which  a 

enable  the  missile  to  attain  the  proper  altitude  missile  operates  may  have  a  pronounced  effect 

and  course,  measure  its  own  airspeed,  and,  at  on  its  course*  If  the  effect  of  wind  on  missile 

the  correct  timeT  initiate  the  terminal  phase  of  heading  cannot  be  controlled  by  choice  of  alfci- 

flight. 


tude,  then  it  must  be  controlled  by  programmed 
Preset  guidance  may  be  used  when  the  tar-  steering  of  the  missile.  One  of  the  greatest 

get  Is  beyond  the  range  of  control  points,  or  limitations  Of  a  preset  guidance  system  is  that 

when  it  is  necessary  to  avoid  counter  measures 

such  as  Jamming  of  radio  or  radar  signals,  that 


flight  program  cannot  be  changed;  after  the 
missile  is  launched*  Therefore*  precise  infor- 
might  be  effective  if  the  missile  were  guided  by  mat  Lon  on  winds  along  the  missile  flight  path 


outside  signals* 


is  needed  for  accurate  programming. 
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The  most  publicized  preset  guided  missile,  only  after  a  specific  altitude  has  been  reached, 
the  German  V-i,  achieved  devastating  success  this  altitude  being  determined  by  an  altimeter- 
in  spite  of  its  limitations  (until  the  British  As  another  example,  missile  booster  separation 
found  a  way  to  intercept  it).  may  be  scheduled  to  occur  6  seconds  after 

launch-*  or  it  may  be  programmed  to  occur  at 

INFORMATION  SET  IN  THE  MISSILE  the  paint  that  a  certain  thrust  acceleration  has 

been  achieved.  Course  and  speed  changes  as 
The  initial  course,  or  heading,  ol  a  missile  well  as  other  functions  can  be  carried  out  with 

may  be  preset  by  training  the  launcher  to  the  relation  to  the  elapse  of  specified  time  inter¬ 
proper  bearing.  This  operation  is  of  course  vals  nr  on  The  occurrence  of  other  preset  cOn- 

similar  to  training  a  gun  mount.  Some  missiles  ditions. 


INFORMATION  SET  IN  THE  MISSILE 


may  be  fired  vertically,  and  thentake  the  proper 
course  on  the  basis  of  programmed  information. 
Once  the  missile  is  started  cn  the  •■'orrect  bead¬ 


using 


Depending  on  the  objectives  of  a  missile 
iu  preset  guidance,,  various  timers,  speed 


Once  the  missile  is  started  on  the  correct  head-  measuring  devices,  etc,,  have  been  devised  to 
ing  (initial  phase-  ■,  its  own  control  equipment  enable  the  missile  to  carry  out  the  preset  func* 


takes  over. 

Physical  references  such  as  gyros  and 


ttons,  Many  of  those  devices  may  also  be  found 
in  ml ss ilea  which  are  no:  of  thu  purely  preset 


magnetic  compasses  may  be  used  to  determine  type*  For  example,  a  homing  guidance  missile, 
deviations  from  the  preset  course  and  to  keep  although  not  classified  as  a  preset  missile,  may 
the  missile  on  the  correct  heading.  be  equipped  with  one  or  more  of  the  devices. 


The  missile  altitude  may  be  corrected  by 
changing  the  pitch  of  the  missile.  A  barometer- 


be  equip::  ed  with  one  or  more  of  the  devices. 
Various  types  of  timers  used  in  missiles 
were  described  and  illustrated  in  chapter  5. 


type  sensing  element  is  connected  to  a  servo  The  timing  system  m  a  missile  activates  a 


mechanism  that  operates  the  flight  control 


senes  of  actions  from  prepunch  to  target  in* 


surfaces-  When  the  barometric  pres  sure  changes  rereeption 


because  >f  a  change  in  altitude,  the  servo  acts 

to  bring  the  pressure  back  to  the  preset  value  by 
correcting  the  missile's  altitude.  Although  this 
method  of  altitude  control  is  not  extremely  ac- 


I:  is  reemphasized  that  the  preset  missileis 
’ i st in gui sh ed  from  other  types  of  missiles  in 
that  there  is  no  electromagnetic  radiation  con- 
‘.act  between  the  control  point  and  die  missile 


curate,  the  control  pressure  can  be  preset  to  an  i  that  ALL  missile  functions  are  programmed. 


fairly  close  tolerances  before  the  missile  is 

launched. 

One  Of  the  most  precise  components  of  a 
preset  guidance  system  is  tts  timing  section, 
Accurate  timing  elements  are  available  to  fit 
almost  any  requirement.  The  distance  covered 
by  a  missile  during  its  flight  is  determined  by 
its  ground  speed  and  the  length  of  time  it  is  in 
the  air.  Therefore,  if  the  speed  of  [he  missile 
is  known,  the  controls  may  be  preset  to  dive 

the  missile  at  the  end  of  a  definite  time  inter¬ 
val  after  launching.  The  timing  clement  esm  be 

anything  from  a  simple  watch  movement  to 
an  electronic  circuit  controlled  by  a  tuning 
fork  or  a  crystal.  oscillator,  The  time  Interval 
may  be  set  at  any  time  before  launching,  but 
of  course  it  cannot  be  changed  during  flight. 

It  is  Important  that  you  realize  at  tins  point 
that  the  actions  carried  out  by  a  missile  In 
Right  may  be  preset  to  occur  either  after  a 
certain  amount  of  TIME  has  elapsed,  or  when  a 
certain  CONDITION  has  been  achieved. 

F O  r  exa  m  pi  c ,  a  mi  se-;  1  c  may  b  e  p  rog  ra  mm  ed 

to  assume  level  flight  30  seconds  after  launch¬ 
er  it  may  be  programmed  to  assume  level  flight 


HEADING  REFERENCE 

The  use  of  the  term  1(  reference”  with  regard 

id  missiles  was  explained  in  chapter  o.  The 
missile  control  systems  must  have  a  reference 
from  which  to  measure  the  up-down  or  right- 
left  deviation  of  the  missile.  Since  the  desired 
heading  is  a  compass  direction,  the  sensing 
unit  may  be  a  form  of  compass. 

The  flux  valve  and  its  uses  in  control 
systems  were  described  in  chapter  6.  If  mag¬ 
netic  headings  are  to  be  followed,  the  flux 
valve  may  be  used  as  the  sensing  element. 
By  Using  a  time  reference  in  combination  with  a 

magnetic  reference,  the  missile  controls  may 
be  preset  to  follow  a  single  heading  for  the  re¬ 
quired  time,  Or  changes  in  heading  can  be 
programmed  to  occur  at  preset  times, 

The  electrically  driven  gyro  is  another  type 
ol  heading  control.  The  gyro's  spin  axis  is 
tangent  to  the  earth's  surface.  At  the  time  ol 
launching,  with  the  gyro  wheel  spinning  rap¬ 
idly,  the  axis  is  pointed  in  the  desired  direc¬ 
tion  before  the  gyro  is  uncaged.  During  the 
missile  flight  the  gyro  axis  cuntinues  to  point 
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Generally,  an  air  log  is  attached  to-  the 
outer  surface  of  the  nose  of  the  missile,  and 
consists  of  a  small  iour-bladed  impeller 

mounted  on  a  shaft  that  drives  a  reduction 
gear  with  a  ratio  of  30  to  1;  that  is*  for  every 
30  revolutions  of  the  air  screw,  the  driven 
gear  makes  1  revolution* 

The  driven  gear  is  made  of  insulating  ma¬ 
terial,  and  carries  a  pair  of  contacts  mounted 
at  diametrically  opposite  points.  These  con¬ 
tacts  close  a  magnetic  relay  circuit  twice  in 
each  revolution  of  the  gear,  or  once  for  each 
15  revolutions  of  the  air  screw. 

The  magnetic  relay  is  connected  to  a  device 

called  a  digital  indicator  (originally  called  a 

Veeder  counter  )*  The  counter  mechanism  is 
Similar  to  that  of  the  total  mileage  indicator 

(odometer)  of  an  automobile.  The  counter  is 

shown  in  cross- section  in  figure  10-1. 

To  use  the  air  log  for  1  ength -Ol-f light  rega¬ 


in  the  original  direction*  and  the  missile  can 
therefore  use  it  as  a  steering  reference. 

The  function  of  gyros  in  missiles  was 
described  and  illustrated  in  chapter  5. 


ALTIMETERS 


In  previous  chapters  we  have  shown  chat  an 
altimeter  can  be  used  to  control  missile  alti¬ 
tude  within  small  limits.  Altitude  control  is  an 

important  part  of  preset  guidance,  since  it  is 

possible  to  get  favorable  wind  direction  or  avoid 

unfavorable  winds  by  choosing  the  proper 
altitude. 

With  supersonic  missiles  it  is  important 
to  get  the  missile  above  The  earth* s  atmosphere 

into  the  higher  regions  where  the  air  is  thinner 

and  the  pressure  ts  much  less,  so  that  the  mis¬ 
sile  can  fly  faster  and  farther,  The  trajectory 

of  the  missile  is  dependent  to  a  great  extent  on 

the  altitude  at  which  it  flies,  and  the  altitude 

set  for  ft  is  determined  in  part  by  Tbe  distance 
to  the  target* 

The  reference  for  preset  altitude  control  is 

normally  a  potentiometer  in  one  arm  of  a 
bridge  circuit*  A  potentiometer  in  an  adjacent 

arm  of  the  bridge  is  operated  by  a  pressure- 

sensitive  bellows  system.  The  bridge  can  be 
preset  for  balance  at  the  desired  altitude.  When 
the  missile  reaches  the  preset  altitude*  its 
flight  control  surfaces  will  bring  it  into  level 
flight.  Any  subsequent  change-  In  pressure  will 
unbalance  the  bridge*  and  the  amount  and  di¬ 
rection  of  unbalance  will  determine  The  cor¬ 
rection  to  be  applied.  This  system  will  be 
described  in  more  detail  later  in  this  chapter. 

The  two  basic  types  of  altimeters*  baro¬ 
metric  pressure  altimeters  and  absolute  or 
radar  altimeters,  were  discussed  in  chapter  5, 

An  altitude  transducer  is  an  altimeter  with  an 
electric  output.  Because  of  Its  simplicity  and 

accuracy*  the  altitude  transducer  Is  used  as 

the  primary  altitude  control  or  reference  in 
even  the  latest  guidance  systems, 

LENGTH  OF  F  LIGHT 

In  low- speed  missiles  an  AIR  LOGf  as  well 
as  a  timing  device*  can  be  used  to  measure  the 
distance  covered  during  missile  flight.  The 

air  leg  operates  On  the  principle  of  on  air  screw* 

or  impeller,  which  makes  a  specific  number  of 
r evolutions  while  moving  through  the  air  for  a 
given  distance  at  a  given  speed.  The  number  of 
revolutions  per  unit  of  distance  depends  on  both 
the  pitch  of  the  blades  and  the  density  of  the 
air. 
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Figure  10-1 — Mechanical  d 

cross  section 
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e rumt er  mecha  iu  s  m,  t hu s  ind i e a ti n l:  that  a  cert a.i in 


During  the  launching  period,  high  acceler- 


apccific  distance  has  been  traveled.  Each  time  atiOn  puts  a  great  strain  on  normal  guidance 
the  mechanism  is  tripped,  it  moves  the  drums  components  and  prevents  their  use.  The  ac- 
back  one  digit  from  the  preset  figure.  When  the  eeleratlon  forces  may  close  relays,  p recess 


count  reaches  zero,  the  predetermined  des-  gyros,  and  saturate  accelerometers  far  beyond 

timtion  has  been  reached.  This  maybe  either  the  the  sensitivity 
point  where  the  warhead  is  to  be  detonated,  or 

the  point  at  which  the  missile  is  to  start  its 

terminal  dive  on  the  target. 

Note  that  this  method  of  measuring  speed  is  may  involve  the  use  of  comparatively  insensitive 


needed  for  normal  guidance. 
For  this  reason*  most  midecursq  guidance 
systems  must  be  modified  Extensively  to  with- 
stand  the  launch  acceleration.  The  modification 


used  for  LOW  SPEED  missiles. 


components,  or  a  temporary  alteration  of  the 


Figure  &-2Q  is  a  diagram  of  an  airspeed  regular  components 


reference  and  transducer  unit,  which  may  be  The  precautions  against  high  acceleration 
used  to  measure  airspeed  and  to  control  it*  See  damage  to  components  include  careful  balanc- 
chapter  5  for  a  discussion  of  its  operation.  ing  and  positioning  of  elements  that  are  not  used 
Transducers  were  also  touched  upon  in  chapter  during  the  launch  cycle.  Li  addition,,  movable 


3,  in  connection  with  telemetering  equipment 


parts  of  regular  guidance  systems  are  locked 


The  use  of  floppier  radar  to  determine  the  in  position*  or  the  circuits  in  which  they  operate 

rate  (range  rate)  was  are  neutralized  to  withstand  the  launch  accelera- 


ini  s  sile -target 
described  briefly  in  chapter  9  for  the  homing 
system.  Doppler  principles  were  explained  in 


tion. 


Missiles  are  designed  to  have  sufficient 

chapter  6.  The  doppler  signal  varies  directly  flight  stability  during  the  initial  period  of  high 
with  the  range  rate.  The  application  of  the  acceleration,  before  the  regular  guidance  sys- 


tneohanical,  electrical,  and  electronic  com¬ 
ponents  to  measure  the  floppier  frequency, 
filter  out  noises,  amplify  the  difference  fre- 


tem  rakes  over.  The  regular  guidance  system 
may  be  unlocked  by  an  internal  timer,  or  it 
mav  tie  activated  -Mien  the  booster  section,  if 


quency,  and  supply  the  information  to  the  com-  anv.  drops  off. 


puter  vary  with  the  missile  system.  An  e  1b 0 ironic 
circuit  called  a  apeedgaie  locates  '.lie  do pp let- 

signal  f  acta  as 


A  preset  guidance  system  might  be  used 
for  the  midcourse  part  of  a  flight.  When  used 


a  bandpass  filter,  and  closely  in  a  composite  system,  the  preset  system 


follows  any  frequency  shift  in  the  signal.  The 
range  rate  Information  gained  from  the  doppler 


would  turn  the  missile  control  over  to  a  sepa¬ 
rate  terminal  guidance  system  when  the  mis 


signal  is  fed  to  the  autopilot  to  keep  the  missile  site  approaches  the  target.  In  an  application 


on  course,  (A J  Jgage>J  in  electrical  ind  electronic 


of  this  type  the  preset  guidance  system  might 


terms  is  a  circuit  that  permits  another  circuit  be  set  up  to  take  over  control  again  in  the  event 
to  receive  input  signals  only  at  set  intervals,  the  terminal  guidance  system  did  not  operate. 
Or  only  when  a  certain  set  of  input:  conditions  Then,  when  the  mis  sit?  reached  the  apprmti- 


have  been  met.  The  appropriate  combination  mate  location  of  its  target,  the  preset  guid 
of  ' 'gating  pulses”  opens  the  gate.) 


ance  system  would  either  detonate  it  or  cause 


USE  IN'  COMPOSITE  SYSTEMS 


it  to  dive*  depending  on  the  setting. 

We’ve  mentioned  World  War  U  missiles  that 
used  preset  guidance  or  a  combination  of 

guidance  methods.  Of  later  vintage  is  the 
Corporal,  an  Army  surface-to-surfa.ce  nuclear 
■weapon  deployed  in  Europe  (being  replaced  by  the 

Sergeant),  It  uses  a  combination  qI  preset  and 

These  systems  may  work  together  during  all  command  guidance.  (The  Corporal  missile  will 


of 


A  composite  guidance  system  is  made  up 

or  more  Individual  guidance  systems 


phases  of  the  mi£mleJs  flight,  or  'hey  may  be 


be  used  for  other  purposes,  with  a  differ  eat 


programmed  to 


successively.  It  is  type  of  warhead,) 


sometimes  necessary  to  combine  systems  be  - 


Most  missiles  have  some  values  preset  into 


cause  of  the  wide  differences  in  requirements  the  guidance  system,  although  the  preset  values 
that  must  be  met  to  ensure  that  the  missile  may  not  control  the  whole  flight.  The  time  of 
reaches  the  target.  Let  us  review  these  re-  boosrer  cutoff,  for  example,  is  a  preset  time 


quirementa*  to  see  how  preset  guidance  may 

be  used  in  a  composite  system. 


as  determined  for  a  given  missile,  although 
the  missile  mav  be  a  beam  rider.  Before  the 
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missile  is  launched,  a  timer  In  it  is  set  lor  Hit 

calculated!  period. 


BALI  ISTIC  MISSILES 


Our  best  known  ballistic  missile.  Hie  Polaris, 
makes  use  of  a  number  of  preset  values  in  its 
course.  It  therefore  seems  appropriate  to  dis¬ 
cuss  ball! stie  missiles  immediately  after  preset 
guidance  systems. 

A  ballistic  missile  is  u  missile  ‘which, 
during  a  major  part  of  its  flight,  is  neither 
guided  nor  propelled.  During  this  part  of  the 
flight  It  follows  a  free  ballistic  trajectory, 
like  a  bullet  or  a  thrown  rock,  A  number  of 
factors  operate  to  determine  the  trajectory  of 


a  bullet. 


rock,  or  a  ballistic  missile.  These 


factors  include  the  point  of  origin,  Hie  Initial 
direction  and  velocity,  air  pressure,  wind,  and 
other  factors  discussed  in  chapter  2  of  this 

text.  Tf  all  of  these  factors  arc  accurately 
known,  it  is  possible  to  calculate  the  point  at 

which  the  ballistic  object  will  strike  the  earth. 
And,  if  the  desired  point  of  impact  is  a  target 
at  a  known  location  it  is  possible,  for  any  given 
launching  point,  to  calculate  an  initial  course 
and  velocity  that  will  result  in  a  hit. 

T3iu  matter  of  "Leading"  a  moving  target  in 
order  to  hit  it  was  explained  in  a  previous 


chapter 


If  you  have  had  any  target  practice 


you  know  that  there  are  several  factors  to 

calculate  when  aiming  at  a  stationary  target 
and  additional  problems  when  the  target  is 
mo v  mg  *  Y  ou  know  about J *  al  lowi  tig  for  the  wind , 1 ' 
The  effect  of  the  wind  varies,  of  course,  with 
its  strength  and  direction.  The  force  of  gravity 
steadily  pulls  the  projectile  downward,  so  you 
have  to  raise  your  gun  and  Aim  above  the 
target  to  offset  the  downward  puli.  The  greater 
the  angle  of  gun  elevation,  the  greater  the 
range— up  to  a  point.  Temporarily  ignoring 
air  resistance,  we  find  that  ran^e  increases 


air  resistance,  we  find  that  ranine  increases 
with  the  angle  of  launcher  or  gun  elevation,  up 
to  4a  degrees.  After  chat  point,  increasing  the 
elevation  increases  the  height  reached  by  the 
projectile,.  but  decreases  the  range.  Figure 
ID- 2  shows  some  theoretical  trajectories* 
Figure  10-3  compares  trajectories  in  air  and  in 
vacuum.  Since  many  cf  Oilf  missile s  have  part 
of  their  trajectory  through  higher  areas  of  the 
atmosphere  where  the  pressure  is  very  low 
[not  a  complete  vacuum),  the  effect  on  the  tra¬ 
jectory  must  be  calculated.  Refer  to  figure 
2-24  (trajectory  of  the  Polaris  missile)*  Note 


12.3 

Figure  1 0- 2*— Theoretical  trajectories  at 
various  gun  elevations  .ignoring  air  resistance). 


12*4:  *5 

Figure  1 0-3 .—Comparison  of  vacuum  and  air 
trajectories:  A.  In  range;  B.  In  elevation. 


that  the  missile  is  launched  vertically,  Since 
the  Polar  is  passes  through  more  than  one 
atomospheric  region,  the  effect  of  the  different 
conditions  upon  the  trajectory  must  be  cal¬ 
culated.  The  proportionate  differences  between 
Air  and  vacuum  trajectories  represented  in 
figure  10-3  are  not  accurate  for  all  projectiles 
or  missiles  because  the  effect  varies  with 
characteristics  of  the  object.  It  does  show 
how  drastically  air  resist ance  affects  trajectory* 
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A  fourth  factor  that  affects  trajectory  is  drift  j 

which  is  a  product  of  the  interaction  of  three 
other  factors— the  spin  of  the  projectile,  the 
force  of  gravity,  and  air  resistance.  These  cause 

the  projectile  to  veer  toward  the  right  or  left, 

and  is  determined  by  the  direction  of  spin. 

The  fifth  factor  that  distorts  the  trajectory 
is  the  earth's  rotation  and  curvature  (really 
two  separate  factors).  For  tnogi  sun  projectiles 
it  make  a  little  difference;  but  for  long-range 

miss  lies,,  both  effects  mu  st  be  entered  into  the 

computations  for  missile  trajectory.  The  de¬ 
flection  in  the  flight  path  i a  known  as  the  Coriolis 

effect*  H  affects  the  time  of  flight  the  lateral 


deviation,  and  the  range  deviation 


i 


In  the 


northern  hemisphere  the  deflect: on  is  to  the 

right;  in  the  southern  hemisphere  it  is  TO  the 

Left . 

The  mass  of  calculations  necessary  for  each 
shot  is  performed  by  computers*  Many  of  the 
calculations  are  performed  in  advance  and 
tables  set  up  to  be  applied  as  needed*  In 

modern  missile  systems  the  application  of  the 
calculations  is  also  done  by  computers,  Remem¬ 
ber,  however,  that  the  computer  does  not  think; 
it  can  work  only  with  whar  is  put  into  it. 

The  ballistic  missile  presents  a  more  com¬ 
plex  problem  than  a  gun  projectile.  Its  range 

may  be  measured  In  thousands  of  miles,  rather 
than  thousands  of  yards,  and  its  initial  velocity 
is  lower  than  that  of  a  gun  projectile*  Thus  the 
f ore  05  that  would  tend  to  Influence  its  trajectory 


have  a  much  longer  time  to  act 


But,  at  long 


ranges,  ballistic  missiles  have  several  out¬ 
standing  advantages.  First,  they  may  leave  the 


earth's  atmosphere  completely; 


large  part 


of  their  flight  13  in  space,  where  they  cannot 

be  affected  by  wind  or  air  pressure.  Second, 

they  dive  on  the  target  at  a  steep  angle,  at 

many  times  the  speed  of  sound-  this  makes 

interception  nearly  impossible*  Finally,  a  bal¬ 
listic  missile  is  invulnerable  to  electronic 
countermeasures  during  the  major  portion  of 


Its  flight. 


Any  guided  missile  is  subject  to 


jamming  or  deception  by  electronic  counter- 

measures,  although  coded  guidance  systems 

may  make  this  difficult  to  do.  But  a  ballistic 

missile,  because  it  is  unguided  during  the 

terminal  phase  of  its  flight,  is  no  more  sus¬ 
ceptible  to  electronic  countermeasures  than 

is  a  gun  projectile  or  a  rock* 


The  ICBMs  are,  as  the  name 


you, 


ballistic  missiles.  These  include  Atlas,  Minute- 
man,  Thor,  and  Polaris. 


The  foregoing  discussion  of  preset  guidance 

applies  principally  to  aerodynamic  missile^ 

t n  which  the  control  surfaces  are  capable  cf 

correcting  the  trajectory  throughout  the  flight. 

But  preset  guidance?  has  features  that  make  it 

useful  in  the  initial  control  of  ballistic  mis¬ 
siles.  One  possible  ballistic  system  co  mb  lues 

features  of  both  preset  and  command  guidance* 

Another  combination  is  preset  with  inertial 

guidance  lor  the  guided  portions  of  the  tra¬ 
jectory.  The  problem  has  already  been  staled; 
from  known  factors,  it  is  possible  to  calculate 
an  initial  velocity  and  direction  that  will  produce 
a  ballistic  trajectory  ending  at  the  target*  The 

target  location  is  known;  because  of  the  great. 

range,  target  location  is  determined  from 
maps,  rather  than  by  observation.  The  loca¬ 
tion  of  the  launching  point  is  also  known.  In 
the  development  of  the  Polaris  missile  system, 
a  major  part  of  the  total  effort  was  devoted  to 
development  of  a  Ship's  Inertial  Navigation 
System  {SINS:,  by  which  the  Polaris  launching 

ship  can  determine  its  own  position  with  the 
required  accuracy,  Note  (fig.  2-24)  that  only 
the  last  stage  of  the  Polaris  trajectory  is 

ballistic* 

But  other  factors,  such  as  air  pressure  and 
wind  fit  various  altitudes,  cannot  be  determined 
with  comparable  accuracy.  And,  because  of 


with  comparable  accuracy.  And,  because  of 

the  extreme  range,  a  small  error  in  the  initial 

direction  or  velocity  will  result  in  a  largo 
error  at  the  target.  The?  ballistic  missile  sys¬ 
tem  deals  with  this  problem  by  controlling  the 

missile's  direction  and  velocity  not  at  the  in- 

stand  of  launching,  but  at  a  later  time— after  the 

missile  h&s  risen  above  most  of  the  atmos¬ 
phere,  but  while  it  is  still  within  range  of  radio. 

Ballistic  missiles  arc  launched  vertically, 
and  climb  straight  up  in  order  to  get  out  of  the 

atmosphere  as  quickly  as  possible*  Ala  preset 

altitude,  rhe  guidance  system  turns  the  missile 

o  •  1  w  »< 

onto  the  i-equired  heading,  with  the  required 
angle  of  climb.  The  missile  is  tracked  con¬ 
tinuously  from  the  launching  point,  so  that  it  a 
position  is  known  as  lonjg  as  it  is  within  radar 
range*  Its  instantaneous  velocity  can  be  deter¬ 
mined  either  by  establishing  a  range  rate,  or 

more  accurately,  by  doppler  ranging*  In  the 

doppler  ranging  system,  a  radio  or  radar  signal 
is  transmitted  from  llie  Launching  point.  This 
signal  is  received  and  re-transmitted  by  the 

missile*  By  comparing  the  frequency  of  the 

original  signal  with  that  of  the  signal  returned 

by  the  missile,  It  Is  possible  to  determine  the 

missile  speed  with  great  accuracy* 


2  3  C 


C  hapte  r  1 0~  O  TH  E  R  QUID  A  NC  E  SYSTE  MS 


There  are  a.  number  of  combinations  cl  mis¬ 
sile  course,  position,  and  speed  that  would 

result  in  a  ballistic  trajectory  end  ins  at  the 

target.  But  because  the  missile  is  constantly 
changing  position  at  high  velocity,  no  human 
computation  can  keep  up  with  the  problem.  The 
known  factors  (position  of  the  target  and  launch¬ 
ing  Site,  and  preset  heading  of  the  missile)  and 
the  measured  factors  (velocity  of  the  missile, 
and  fts  position  relative  to  rhe  launching  site 
are  led  Into  an  electronic  computer,  which  pro¬ 
duces  a  continuous  solution  for  the  instantan¬ 
eous  values  of  die  problem.  When  the  com¬ 
puter  determines  that  the  missile's  course, 

position,  and  velocity  will  result  in  the  proper 

ballistic  trajectory,  the  missile  propulsion 
system  Is  instantly  and  automatically  shut 
down,  The  last  stage  of  the  missile  then  fol¬ 
lows  a  ballistic  trajectory,  without  further 

propulsion  or  guidance. 

This  system  can  be  used  effectively  with 

missiles  propelled  by  liquid  fuel  rockets, 
since  the  propulsion  system  can  be  shut  down 
simply  by  stopping  the  fuel  supply,  if,  like 

Polaris,  the  missile  is  propelled  by  a  solid 

fuel  rocket,  the  system  cannot  be  used  with¬ 
out  modification.  Successful  tests  of  propel¬ 
lant  cutoff  and  restarting  have  been  reported 
for  solid  propellant  rockets.  Application  of  This 
method  can  make  major  changes  in  present 
management  of  propellant  systems  during  mis¬ 
sile  flight  *  A  description  of  the  guidance 

methods  used  in  the  present  mods  of  Polaris 

may  be  found  in  Navy  Missile  Systems, 

KavPers  10785^  A. 


NAVIGATIONAL  GUIDANCE  SYSTEMS 

In  addition  to  the  preset  guidance  systems 

discussed,  above,  other  guidance  systems  which 
do  not  depend  on  electromagnetic  contact  with 

manmade  sources  are  terrestrial,  celestial, 

and  inertial  guidance  methods.  They  were 
ini  reduced  in  chapter  6  with  brief  descriptions 

of  their  principles* 

INERTIAL  GUIDANCE 


Inertial  guidance  is  defined  as  a  guidance 
system  designed  to  project  a  missile  over  a 
predetermined  path,  wherein  the  path  of  the 

missile  is  adjusted  after  Launching  by  devices 
wholly  within  the  missile  and  independent  of 
outside  information.  These  devices  make  us c- 


of  Newton's  second  law  of  motion.  Tills  law, 
which  relates  acceleration,  force,  and  mass, 
states  that  the  acceleration  of  a  body  Is  di¬ 
rectly  proportional  co  ihe  force  applied,  and 
Inversely  proportional  to  the  mass  of  the  body* 
These  devices,  accelerometers,  were  described 
and  illustrated  in  chapter  6* 

The  three  accelerometers  (fig*  6-9)  are 

usually  set  op  with  the  sensitive  ax  is  of  one  o£ 
them  vertical  and  the  other  two  in  the  hori¬ 
zontal  plane,  Jne  along  the  flight  path  and  the 


other  at  right  angles  to  it.  The  output  of  the 
one  along  the  Flight  path  :s  the  distance 
traveled  In  range.  If  the  output  of  the  One  at 

right  angles  to  the  flight  path  is  maintained  at 

aero,  then  the  miss  He  U  on  the  desired  path 

in  azimuth.  The  vertical  accelerometer  keeps 

the  missile  at  the  desired  altitude  (some  mis¬ 
siles  use  a  barometric  altimeter), 

With  an  inertial  guidance  system,  a  mis- 
is  able  to  navigate,  from  launching  point 
to  target,  by  means  of  a  highly- ref  hied  form 
of  dead  reckoning.  Dead  reckoning:  is  simply 
a  process  of  estimating  your  position  from  in¬ 
formation  on;  (a)  previously  known  position; 
fo)  course;  (c)  speed;  and  (d)  time  traveled, 
Fnr  example,,  assume  that  a  ship's  navigator 
determines  his  ship's  position  by  a strono mical 

observations  with  a  sextant*  The  ship's  posi¬ 
tion,  and  the  time,  are  marked  on  the  chart* 


Assume  that  the 


then  travels  for  three 


hours  on  course  024,  at  a  rate  of  20  knots. 
From  the  known  position  on  the  chart,  the  nav¬ 
igator  can  draw  a  line  24s  east  nf  north,  rep¬ 
resenting  the  ship's  course.  By  measuring  off 

On  This  line  a  distance  representing  GO  nautical 

miles  (20  knots  times  3  hours),  the  navigator 
eon  estimate  the  ship's  new’  position  by  dead 
reckoning.  If  the  ship  changes  course,  the 
navigator  will  mark  on  the  chart  the  point  at 

which  the  change  occurred,  and  draw  a  line 

from  that  point  representing  the  new  course. 

A  missile  with  inertial  guidance  navigates 

in  a  similar  way,  but  with  certain  differences. 

It  determines  the  distance  it  has  traveled  by 

speed  by  time.  But  it  car?  not 
measure  its  speed  directly  if  it  is  traveling  at 
supersonic  velocity  outside  the  esrtbJs  atmos¬ 
phere*  However,  it  can  use  an  accelerometer 
measure  its  acceleration,  and  determine  its 
3 peed  by  multiplying  acceleration  by  time* 

To  summarize; 

velocity  =  acceleration  x  time 
distance  -  velocity  x  time 


231 


PRINCIPI  S3  OF 


MISSILES  AND  NUCLEAR  WEAPONS 


S  pR !  W:j 


The  actual  electronic  circuits  used  for  in¬ 
tern’ ation  arc-  rather  complex*  hut  lie  re  agaui 
the  haste  principle  is  simple.  In  one  type  oi 
integrator  the  input  con ai at a  of  a  series  of 
evenly  spaced  electrical  pulses  representing 

increments  of  time,  The-  amplitude  of  each 
pulse  is  controlled  hy  the  accelerometer,  go 
as  to  represent  the  instantaneous  value  of  ac¬ 
celeration,  Thus  the  quantity  of  electricity  it 
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Figure  10-4  .^Element  ary  accelerometer 

3  prina  -  mounted . 


232 


Chapter  10- OTHER  GUIDANCE  SYSTEMS 


r 


iCMGaruDl  h-'A  L 

*CC:L?;K5METt* 


'J  i£TAMCc 


IMTIAJL 

■moo  tv 

H 


F35  IC-N 


Figure  1 0-5,— Simple  inertial  guidance  system. 
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each  pulse  represents  an  increment  of  speed. 


that  no  current  can  ft  aw  in  the  opposite  direc¬ 
tion)  and  stored  in  a  capacitor.  The  capacitor 
will,  in  effect,  add  up  all  of  the  input  pulses. 

Thus  the  voltage  across  the  capacitor  will,  at 
any  given  instant,  provide  an  indication  of 
missile  speed  at  that  instant* 

An  acceleration  may,  of  course,  be  applied 

ta  tlic  missile  in  any  direction.  Thus,  if  the 
missile  i$  to  determine  its  own  position  at 

any  given  instant,  two  accelerometer  channels 

are  necessary.  For  any  given  acceleration, 
erne  of  these  measures  the  component  of  force 
along  the  fore-and-aft  missile  axis:  the  other 

measures  the  component  across  that  axis. 

The  distance  and  direction  channels  are 

identical  in  ope  rat  ion*  The  output  voltage  of 
the  first  Ini egracor  indicates  the  missile  ve¬ 
locity.  The  output  voltage  of  the  second  in¬ 
tegrator  is  proportional  to  the  distance  the 
missile  has  traveled. 

Direction  Channel 

If  the  missile  is  on  course,  the  output  of 
the  direction  channel  will  be  aero  at  all  tunes. 


If  the  missile  drift  s  off  course,  the  output  voltage 

oi  the  second  Integrator  will  show,  by  its  ampli¬ 
tude  and  polarity,  the  distance  and  direction  the 
missile  is  off  course.  The  out  put  of  the  first 

snteffraTor  in  the  direction  channel  is  the  direc¬ 
tion  rats  signal.  Both  of  the  integrator  voltages 
are  used  by  the  autopilot  to  determine  the  amount 

and  direction  of  control  required  to  bring  the 
missile  back  on  course. 

The  accelerometer  measures  any  force  ap¬ 
plied  to  the  missile.  The  force  of  gravity  is 
applied  to  the  trie  site  throughout  its  flight,  and 
some  types  of  accelerometers  will  be  affected 

by  it.  In  order  to  prevent  a  false  output,  the 

effect  of  gravity  must  be  neutralized,  so  that 

only  the  true  acceleration  of  the  missile  will 

be  measured.  This  can  be  done  in  either  of  two 

ways.  A  part  of  the  second  integrator  output 

can  be  fed  back  to  the  input  of  the  first  integra¬ 
tor,  as  in  figure  10-5.  Another  ay  stem  com¬ 
pensates  for  the  effect  of  gravity  by  applying  a 

fixed  voltage  bias  EO  the  output  of  the  first 

integrator. 

Distance  Channel, 

The  operation  of  the  distance  channel  is  much 

like  that  of  the  direction  channel.  The  output 
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using  a  specified  velocity  signal.  The  speci¬ 
fied  velocity  signal  is  combined  ■with  the  first 
integrator  output  so  that  any  voltage  above  or 
below  the  specified  voltage  is  fed  to  the  second 
integrator  as  an  error  signal.  The  output  of 
the  second  integrator  ia  then  proportional  to 
the  missile  error  from  the  desired  position  on 

the  con  me . 

A  third  channel  for  measuring  mi  sails  alti¬ 
tude  is  usually  included  in  the  system.  The 
principles  of  integration  of  tbe  vertical  accelero¬ 
meter  output  are  essentially  the  same  as  for 

distance  and  direction. 

fin  deriving  missile  velocity  and  distance, 
the  integrators  are  electronically  solving  two 
basic  formulas  which  relate  acceleration^  ve¬ 
locity,  distance,  and  time,)  For  example,  if  a 
missile  is  traveling  at  a  velocity  of  50  yards 
per  second  and  experiences  an  acceleration  of 
6  yards  per  second  per  second  for  5  seconds, 
its  new  velocity  can  he  determined  by  the 
formula  v  -  v  .  at,  where  vn  is  the  initial 

velocity,  v  is  the  final  velocity,  a  i$  accelera¬ 
tion.  and  t  is  time,  Bv  substitution: 


magnitude  of  the  first  integrator  indicates  mis¬ 
sile  longitudinal  velocity*  The  second  integrator 
output  voltage  is  proportional  to  the  distance 
the  missile  has  traveled,  if  the  system. does  not 
start  operating  until  after  the  launching  phase 
Is  completed,  the  missile  velocity  at  that  time 
must  be  accounted  for  in  the  distance  computa¬ 
tion*  A  separate  signal,  representing  initial 
velocity,  must  be  fed  to  the  input  of  the  second 
integrator*  It  can  then  be  combined  with  the 
output  of  the  first  integrator  to  indicate  missile 
velocity  at  any  given  instant* 

A  comparison  must  be  made  between  the 

distance  the  missile  has  traveled  and  the  known 

distance  between  the  launch  point  and  the  target. 
To  do  this,  a  voltage  representing  the  distance 
to  be  traveled  ia  set  up  as  an  initial  condition 
just  before  missile  launching.  This  preset 
voltage  is  combined,  with  opposite  polarity, 
with  the  output  of  the  second  integrator.  Thus 
the  output  of  the  distance  channel  decreases 
as  the  flight  progresses.  When  the  output  falls 
to  zero,  the  target  has  been  reached* 

There  is  one  drawback  to  this  system— the 
fact  that  for  flights  of  several  thousand  miles, 
very  large  Integrator  output  voltages  would  be 
required  to  get  an  accurate  indication,  of  dis¬ 
tance  traveled.  The  preset  voltage  that  repre¬ 
sents  the  target  range  would  be  equally  large* 

In  order  to  keep these  voltages  within  reasonable 
limits,  the  voltage  rep  resenting  distance  covered 
ts  continuously  programmed  during  the  flight 
by  a  suitable  device  such  as  a  tape  recorder. 
The  prog  rammed  distance  is  compared  so  the 
measured  distance,  as  represented  by  the  com¬ 
puter  output,  in  such  a  way  that  both  are  earned 
as  reasonably  small  quantities. 

Figure  ItMJ  shows  another  method  of  keep¬ 
ing  signal  voltages  within  reasonable  limits  by 


The  average  velocity  of  the  missile  during  the 
5-second  period  of  acceleration  is  equal  to 
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The  distance  traveled  during  this  5“ second 

period  is  equal  to 


v  +-  v 


0 


2 


x  5  sec  -  3  50  yds  , 


e  a  means 


An  inertial  guidance  system,,  such  as  the 
□tie  just  described,  would  be  all  that  was  needed, 
if  the  missiLe  flew  straight  and  level  at  all 

*  But  outside  factors,  as  well  as  some 
errors  introduced  by  the  equipment  itself,  pre¬ 
vent  straight  level  flights, 
for  stabilization  must  be  provided. 

For  an  inert  tally  gilded  missile  to  constantly 

determine  its  position  while  in  flight }  all  linear 
aec derations  of  the  missile  must  be  measured. 

To  do  this,  three  accelerometers  are  mounted 

in  the  missile  as  shown  in  figure  5-9*  Any 
movement  of  the  accelerometers  with  relation  to 


the  missile  will  be  proportional  to  the  outside 
forces  acting  on  the  missile,  and  therefore  to 

the  accelerometers  of  the  missile*  Since  these 
accelerometers  are  mounted  on  three  mutually 
perpendicular  axes,  any  accelerations  of  the 

missile  along'  axis  AB  will  be  measured  by 

movement  of  the  lateral  accelerometer.  Any 
accelerations  along  axis  CD  will  bo  measured 
by  the  longitudinally  mount ?d  accelerometer, 
Any  accelerations  along  axis  XY  will  be  meas¬ 
ured  by  the  vertically  mounted  accelerometer, 
[f  the  missile  is  to  determine  its  position 
at  any  point  along  its  flight  path,  the  acceler¬ 
ometers  must  be  mounted  in  mutually  perpen¬ 
dicular  axes  which  continuously  maintain  their 

same  relationships  with  some  fixed  reference 

point. 

In  some  missiles  and  in  shipboard  inertial 
systems,  the  center  of  the  earth  \s  taken  as 

the  fixed  reference  point,  When  the  center  of 

the  earth  La  used  as  the  reference,  all  vehicular 
motion  is  determined  on  the  basis  of  accelero¬ 
meter  outputs  with  reference  to  that  point. 
In  tills  type  of  Inertial  system  it  becomes  neces¬ 
sary  to  stabilize  the  accelerometer  axes  sQth&E 
they  always  maintain  their  same  relationships 

with  the  earth's  center.  Since  the  lines  of  lati¬ 
tude  and  longitude  on  the  earth's  surface  bear 
a  permanent  relationship  to  the  center  of  the 


earth,  it  was  decided  to  relate  two  of  the  at> 
e  el  er  om  eter  axes  to  these  north -south  and  past- 
west  lines.  The  third  accelerometer  is  logically 
oriented  to  the  center  of  the  earth.  These  rela¬ 
tionships  are  shown  in  figure  Iff-'?*  [Shipboard 
systems  need  only  two  accelerometers  since 
altitude  is  of  no  consequence  J  To  stabilize  the 

accelerometer 6  so  that  they  will  maintain  these 
relationships  throughout  a  long  flight  Over  a 

round  and  moving  earth  at  first  posed  a  difficult 
problem.  It  was  overcome  by  mounting  the  ac¬ 
celerometers  on  a  GYRO-STABILIZED  plat¬ 
form.  Since  gyros  tire  inherently  space  ref¬ 
erences  [rigidity  of  plane),  they  must  be  adapted 

to  maintain  the  platform  in  the  desired  earth 

relationships  in  this  type  of  system*  In  other 
words,  if  three  gyroscopes  can  be  maintained 
in  east- west,  north-south,  and  the  vertical  at¬ 
titudes,  the  platform  (and  the  accelerometers.1 
can  he  kept  in  the  same  earth,  relationships 

throughout  the  flight  or  cruise.  With  the  platform 
stable,  all  mav  e  meats  of  the  accelerometer  a  will 
indicate  ship  (or  missile ) movement  with  respect 

to  the  center  of  the  earth. 


Assuming  that  we  have  stabilized  the  plat¬ 
form,  let  ua  now  see  how  a  missile  can  determine 
its  position  and  control  its  trajectory* 


For  the  missile  to  keep  track  of  Its  posi¬ 
tion,  it  must  continuously  determine  its  ac¬ 
celerations  and  velocity  along  the  three  sta¬ 
bilized  accelerometer  axes*  Since  accelera¬ 


tion  is  defined  as  the  rate  of  change  at  velocity, 
the  process  of  INTEGRATION  wall  yield  mis¬ 
sile  velocity,  Integration  is,  in  effect,  the 
process  of  adding  up  all  of  the  INSTANTANEOUS 
values  of  a  changing  quantity. 


12,150 

Figure  IQ-1?*— Orientation  oi  accelerometers 

with  reference  to  the  earth . 
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Attitude  Control 

Thus  far  we  have  considered  the  Inertial 
system  from  the  standpoint  of  determining  and 
correcting  missile  position  in  a  coordinate 

System  which  is  stabilized  in  reference  to  the 
earth .  As  mentioned  earlier,  this  coordinate 
system  i$  maintained  by  mounting  the  three 
accelerometers  on  three  mutually  perpendicular 

axes  on  the  gyro^ stabilized  platform*  Any 
linear  deviations  along  the  missile  AXES  OF 
TRANSLATION  will  be  detected  by  accelero¬ 
meter  movement  and  corrected  on  the  turns 
of  the  accelerometer  outputs,  in  addition  to 
correcting  for  deviations  in  position,  we  must 
also  keep  the  missile  at  its  proper  attitude  along 

the  trajectory.  By  mounting  pidkoffs  On  the 

missile  frame,  any  deviation  in  roll,  pitch, 
or  vaw  will  be  detected  with  reference  to  the 

stable  platform.  The  resulting  attitude  signals 
are  related  to  the  missile  positional  information 
generated  by  the  accelerometer?,  We  can 

therefore  say  that  the  correction  signals  gen¬ 
erated  by  tile  computer  network  of  the  missile 

are  composed  of  corrections  along  the  axes  of 
translation  as  detected  by  the  accelerometers, 
and  corrections  about  the  axes  of  rotation  as 

determined  by  missile  angular  movement  with 
relation  £0  the-  stabilized  platform.  These  cor¬ 
rection  signals  will  then  be  applied  to  the  con¬ 
troller  in  such  a  way  as  to  keep  the  missile 
on  its  proper  trajectory  AND  in  rhe  proper 
attitude  throughout  the  flight* 

Stabilizing  the  Platform 

Dp  to  LtiLs  point  we  have  assumed  that  the 
platform  has  been  stabilized  with  reference  to 
the  earth.  For  a  shipboard  inertial  system, 

the  exact  position  of  the  ship  must  be  known 
at  the  time  of  missile  launch*  it  is  therefore 
necessary  to  keep  the  Shipboard  Inertial  Navi¬ 
gation  System  (SINS)  stabilized  with  reference 
to  the  center  of  the  earth  at  all  times.  This 

is  done  by  torquing  the  platform  in  accordance 
with  the  ship's  movements  over  tbs  earth. 

Chapter  5  presented  the  effect  s  of  apparent  gyro¬ 
scopic  precession  at  the  Equator*  The  character 

of  the  apparent  precession  exhibited  by  a  gyro¬ 
scope  a?  the  earih  turns  depends  on  the  gyro¬ 
scope's  location  on  the  earth's  surface  AND  the 

angle  that  Its  spin  axis  makes  with  the  spin 

axis  of  the  earth. 

Figure?  10 -BA  shows  how  accelerometers  may 
be  stabilised  by  mounting  them  on  a  gyro- 


controlled  platform.  The  gyros  are  arranged 
to  detect  errors  in  the  pitch,  roll  and  yaw  axes 
of  the  missile.  Thus  the  output  of  the  gyros 
will  indicate  any  departure  from  stable  flight 
'The  error  signal  voltage  la  amplified  and  fed 

to  a  servomechanism  dial  corrects  the  platform 
position* 

The  a ccel e rbmet or  p ( a tf orta  can  be?  stabi  1  i zed 
by  mounting  the  platform  in  a  giinbal  system 
provided  with  gyroscopes  (fig,  10 -SB,  insert). 


Chapter 


in  this  text  explained  how  the 


gyro  may  drift  because  of  bearing-  friction. 
Accuracy  requires  that  compensation  for  gyro 
drift  be  provided.  The  compensation  is  obtain¬ 
ed  by  adding  an  integrating  loop  to  the  system 

as  shown  in.  figure  10-9f 

Two  loops  are  shown,  one  representing  fast 
control  and  the  other  representing  slow  inte¬ 
gration*  Both  loops  use  tb e  gyro  error  voltage 

as  a  control  signal.  The  fast  loop  functions 
rapidly  to  correct  platform  deviations  from  a 


level  condition. 


The  slow  loop  sums  up  the 


gyro  drift  error  signals  during  the  complete 
flight*  because  it  cannot  respond  to  rapid  var¬ 


iations. 


During 


normal  flight,  the  random 


drift  from  a  straight,  level  condition  may  be 
firsi  to  one  Side  and  then  to  tlic  other*  Asa 
result,  the  sum  of  random  drift  over  the  entire 
night  wall  usually  produce  only  3  small  total 

error. 

Pitch  Correctiun  for  Earth's  Curvature. 

The  provision  for  keeping-  the  platform  level 

and  preventing  drift  introduces  a  new  problem, 
A  normal  missile  trajectory  is  an  elliptical 
path  above  the  earth's  surface.  Fha  gyro's 

characteristic  Of  being  fixed,  in  space  would 
mean  that  the  gyro  stabilized  platform  could 
be  tangent  to  the  earth's  surface  at  inly  one 
place  (fig.  10-lQA),  at  the  time  of  launch, 
Unless  It  is  corrected,  the  missile  might  con¬ 
clude  That  the  line  D.E  (fig,  10- 10A)  is  tangent 
to  the  earth's  surface.  In  order  to  keep  the 

platform  tangent  to  the  earth  as  the  missile 

travels  alon^  its  trajectory t  the  forward  edge 
of  the  platform  must  be  depressed  at  a  rate 

proportional  to  the  velocity  of  the  missile 
around  the  earth.  This  keeps  the  platform 
level  about  the  pitch  axis  with  respect  to  the 


surface  of  the  earrh^  as  shown  in  figure  1  0-1  tlB. 
Normally,  gravity  is  used  as  a  reference  for 

Slaving  the  gyro.  But  tins  is  not  done  in  an  In¬ 
ertial  iraidance  system.  Instead,  the  platform  is 
maintained  in  a  level  position  by  dividing. 

in  the  computer*  the  measured  missile  velocity 
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B,  Stabilization  of  accelerometer  platform. 
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Figure  1  0-9,— Gyro- drift  compensation 
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by  the  distance  between  the  missile  and  the 
Center  of  the  earth.  The  result  of  th is  division 
is  a  function  of  the  angular  velocity  of  the  mis¬ 
sile*  The  geometric  relation  ship  of  the  Velocity 
factor  is  shown  in  figure  10-11,  A  study  of  the 
diagram  will  show  that  if  the  pitch  angle  of  the 

platform  is  changed  si  the  same  angola  r  velocity, 
the  platform  will  remain  tangent  to  the  earth 
as  the  pitch  axis  changes,  Th#  platform  angle 
can  be  changed  by  precession  of  the  pitch  gyro. 


This  precession  is  brought  about  by  equipment 
in  the  computer  section  of  the  missile  control 

system. 


In  operation,  the  output  of  the  first  integra¬ 
tor,  which  is  proportional  to  the  missile  veloc¬ 
ity*  is  divided  by  the  distance  (R  In  fig,  ItUll) 

to  the  center  or  the  earth  m  order  to  give  the 

missile  angular  velocity  (W  in  fig.  10-11 )  in 
radians.  The  result  is  fed  through  the  gyro 
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144,52 

Figure  IQ-ltL— Pitch  gyro  precession  for  tangency  with  the  earth:  A.  Gyro  not  depressed^ no 

precession;  B.  Gyro  depressed  at  rate  proportional  to  missile  speed  around  the  earth. 
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Figure  iO-H *— Applying  angular  velocity  to  platform  leveling. 
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torquer  to  precr^s  the  gyro  at  an  identical  other  Sections  of  a  complete  control  system  ean 


take  many  different  forms*  Individual  devices 
may  be  mechanical,  electromechanical,  elec- 

,  or  a  combination  oi  these  types. 


angular  rate. 

It  would  be  possible  to  make  similar  cor¬ 
rections  for  roll  axis  motion.  The  error  in 
tangency  would  be  small,  however,  because  the 

missile  moves  such  a  small  distance  to  either  TERMINAL  INERTIAL  SYSTEMS 
side  of  the  desired  course  in  comparison  to  the 

total  length  of  the  flight.  Therefore*  a  simpler  Short-range  missiles  that  are  transported  to 

process  is  used  to  correct  for  roll.  Instead  of  the  vicinity  of  the  target,  such  as  air-to-air 

leveling  a  platform,  a  pr  oportlona  1  bias  voltage  missiles  and  antitank  missiles,  do  not  need  more 

is  applied  to  the  accelerometer  to  correct  its  than  one  type  of  guidance  system.  Longer  range 


output  signal 


missiles  may  combine  rhe  miricou rse  phase  and 


Previous  chapters  of  this  text  have  sSiown  the  terminal  phase  of  guidance-  It  is  in  missiles 


that  accelerometers,  gyros. 


bind 


intended  for  long- rang e  u se  that  the  middOurse 
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and  terminal  phases  of  guidance  are  disri.nct 
and  more  than  one  method  of  guidance  may  be 
■isecL  As  the  range  of  the  missile  system  in¬ 
creases,  the  missile- to -target  truss  distance 
tends  to  increase  for  both  beam- rider  and  com¬ 
mand  technique s ^  If  the  miss  distance  be¬ 
comes  excessive,  a  more  accurate  terminal 


guidance  phase  may  be  necessary.  In  a  number 

of  air-to-air  and  surface -to- air  missiles,  hom¬ 
ing  guidance  is  used  in  the  terminal  phase, 
falcon  and  Sparrow  are  two  examples.  It  is 
in  the  long  range  surface- to -surface  missiles 
that  combined  systems  are  most  useful.  The 
function  of  any  terminal  guidance  system  is  to 

place  the  missile  directly  on  the  target,  rather 
than  just  in  the  general  vicinity  of  the  target. 

Thus,  an  accurate  terminal  guidance  system 

can  compensate  for  minor  inadequacies  in  the 
midcourae  guidance  system. 


Lt'JD 


In  this  section,  we  will  discuss  a  terminal 

guidance  system.  This  system  uses  a 


stabilized  platform  aft  a  reference  plane  to  carry 


die  accelerometer  sensors  for  a  constant- dive 
angle  system. 


The  terminal  guidance  phase  starts  ele  a  point 

in  space  known  as  the  release  point.  This  is 

where  the?  midcourse  guidance  system  is  made 


Inoperative,  and  the  terminal  guidance  system 
takes  over.  There  are  two  specific  terminal 
inertial  guidance  systems.  They  are  known 

as  the  constant-dive- angle  system  and  the  aer  o- 
lift  system. 


Constant -Dive  Angle 


A  block  diagram  for  a  constant- dive-angle 
system  Is  shown  in  figure  1C- 12.  This  equip¬ 
ment  is  able  to  computer  the  missile’s  position, 
during  the  dive  to  the  target,  with  respect  to  the 
release  point. 


The  output  signals  from  the  accelerometers 
are  changed  to  velocity  signals  by  the  integra¬ 
tor,  In  the  direction  channel,  signals  then 

undergo  a  second  integration  to  convert  them 

F  or  a 


into  signals  representing  position, 

constant- dive- 


approach,  the  distance 
channel  does  not  need  posit  ion -error  informa¬ 
tion.  It  therefore  has  only  one  Integrator, 

The  velocity  signal  is  sent  to  the  pitch  servo 

If  the  velocity  signal  has  the  correct 


em 


value,  there  will  be  no  output  from  Hie  com¬ 
puter  to  the  pitch  servo.  If  there  is  an  error 

signal,  it  is  fed  to  the  pitch  servo,  which  then 
corrects  the  dive  angle. 


144.54 

Figure  1  CM 2.— Constant -dive- angle  system  for  missiles. 
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Vertical -Dive-  System 


The  vertical-dive  system  is  a  variation  of  the 
con  slant -dive -angle;  system.  The  principal  dif¬ 
ference  between  the  two  is  the  location  of  the 

release  point  with  respect  to  the  target  po¬ 
sition*  The  const  ant -dive- angle  system  has 

the  dive  starting  at  a  considerable  lateral  dis¬ 
tance  from  the  target.  The  system  then  sets  up 
a  constant-dive -angle  which  is  maintained  all 
the  way  to  the  target.  The  vertical* dive  sys¬ 
tem;  release  point  is  almost  directly  Over  the 
target,  so  that  the  missile  can  dive  straight 
down. 

The  nose-over  maneuver  is  accomplished 
by  p recessing  the  vertical  gyro  of  the  missile 
autopilot  about  its  pitch  axis.  While  there  are 
a  number  of  factors  that  determine  the  amount 
and  rate  of  p rec ession  of  the 


gyro,  the 

dive  angle  path  to  be  followed  is  the  primary 
factor  in  determining  the  number  of  degrees 
of  vertical  precession.  The  angle  of  incidence 

of  (he  wings  is  another  factor.  This  angle  of 
incidence  Introduces  a  dive  t raj e etory  prob¬ 
lem  as  shown  in  figure  10-13.  Looking  at 
figure  10- 13 A,  we  see  that  if  the  missile  longi¬ 
tudinal  axis  were  absolutely  vertical,  there 
would  be  some  lift  from  the  wings,  which  would 


pull  the  missile  out  of  its  vertical  dive 


In 


order  to  compensate  for  the  lift  of  the  wings, 

the  controls  are  set  for  a  slight  over -control, 
so  that  the  lift  from  the  wings  will  keep  (he 
missile  in  a  vertical  dive  (fig  10-13B). 

When  the  pushover  arc  is  completed,  ihe 
missile  is  at  the  dive  point, 

then  cut  off  JxOm  the  yaw  and  pitch  servos,  and 
has  no  further  effect  on  the  missile  flight  con¬ 
trol  surfaces. 


is 


Zero- Lift  Inertial  System 


The  block  diagram  in  figure  10-14  show? 
the  zero-lift  inertial  system  and  the  relation 
between  it  and  the  missile  autopilot.  This 
equipment  has  two  functions*  The  first  is  to 
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establish  the  flight  path,  which  is  programmed  Figure  10-13.— Missile  dive  attitude:  A,  Missile 


diverted  from  vertical  path  by  lr-t  of  aerody¬ 
namic  surfaces;  B*  Over- control  of  missile  is 

offset  by  lift  to-  keep  missile  on  vertical  flight 

path* 


on.  tape.  The  programmed  pulses  drive  a 
constant- speed  motor,  whose  rotor  drives  the 
moving  arm  of  a  potentiometer.  The 
function  is  to  keep  the  missile  on  the  pro¬ 
grammed  path  through  ihe  action  of  the  ac¬ 
celerometer* 

To  accomplish  the  first  function,  the  mov¬ 
ing  contact  of  the  potentiometer  must  be  moved  and  ground  is  plotted  against  time  on  a  graph, 

from  the  ground  end  of  the  resistance  strip  the  result  will  be  a  straight  line.  When  this 


to  the  other  end  at  a  constant  rate  of  speed. 

if  the  voltage  between  the  moving  arm 
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missile  autopilot  eci u i p m e mtt 
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Figure  10-14*— Zero -Htt  inertial  system* 


straight- line  voltage  Is  ted  into  a  motor,  the  erting  some  lift  due  to  a  programmed  signal, 

resultant  displacement  of  the  motor's  rotor  is  an  the-  signal  from  the  accelerometer  adds  to 

integration  of  the  Input  voltage*  Because  the  the  programmed  signal  in  the  mixer  stage 

integral  of  a  constant -slope  line  is  a  parabolic  and  causes  the  gyro  to  process  at  a  faster  rate- 
curve.  the  missile  path  from  the  release  point  If  the  missile  noses  over  too  far,  there  will  be 
to  the  target  will  be  as  shown  in  figure  10-15.  negative  lift  and  the  accelerometer  sends  a 
This  is  a  zero-lift  trajectory,  in  which  the  con-  signal  that  subtracts  from  the  programmed 
trol  system  acta  to  maintain  a  condition  of  no  signal  m  The  mixer,  and  slows  up  she  preces- 


aerodynamic  lift  on  the  missile. 


Sion  rate  of  the  gyro. 


the  missile  flies 


With  a  parabolic  path  as  a  reference  for  the  the  course  shewn  in  figure  10-15 , 


pitch  axis,  the  missile  will  try  to  follow  thit 

patch*  However,  because  of  the  wing  angle  and 


The  actions  just  described  provide  the  basis 
for  the  name  of  the  system.  The  name  sero- 


the  engine  thrust,  the  missile  will  actually  fly  lift  is  used  because  the  signal  front  the  ac- 
a  different  path  unless  some  compensation  for  ceierometer  compensates  for  any  lift  in  the 
these  factors  is  made.  vertical  axis  of  the  missile. 

Compensation  is  provided  by  an  accelerom¬ 
eter  that  is  mounted  so  aa  to  bs  sensitive  to 
accelerations  along  the  vertical  axis  of  the 

missile.  Therefore,  if  the  wings  exert  a  lift¬ 
ing  force,  the  accelerometer  senses  the  Lift 
and  originates  a  signal  that  corrects  the  ver-  years.  The  navigator  uses  a  sextant  to  meas- 


C  E  LEST1A L- 1 NER TIAL  $Y ST E M 


Celestial  navigation  has  been  used  for  many 


Heal  gyro  precession,  II  tile  wings  are  ex 


ure  the  angular  elevation  of  two  or  more  known 
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tF  F  4S6 


144,57 

Figure  10- 1 5 .—Flight  path  of  zero-lift 

inert  iai  missile. 


stars  or  planet  a.  From  these  measurements, 
a  ship's  position  can  be  plotted. 

The  celestial -inertial  navigation  system  uses 
a  simplified  approach  to  the  problem;  it  uses 
an  inertial  system  that  is  supervised  by  a 

series  of  fixes,  One  of  those  systems  is  known  as 
Stellar  Supervised  inertial  An  ton  avi  gat  or  ($51  A) 
another  is  called: 

Automatic  Celestial  Navigation  (ACN). 

The  Snark  missile  used  ihe  SSIA  system*  The 
gyro  that  controls  the  posit  ion  of  the  accelerom¬ 
eters  is  subject  to  random  drift,  and  the  result  is 
an  error  that  tends  to  increase  with  time.  The 

error  may  be  as  much  as  half  a  mile  for  a 
flight  that  lasts  45  minutes.  For  longer  flights, 
the  error  would  naturally  increase*  Random 

gyro  drift  varies  in  both  direction  and  magnitude* 

One  method  that  may  be  used  to  overcome 


the  random 


error  involves  the  use  of 


star  sights*  The  checking  is  done  in  much  the 
same  manner  as  a  human  navigator  would  check 
his  position  by  observing  art  object,  such  as  a 

star,  having  a  known  position*  The  missile  does 

not  carry  a  human  navigator;  it  must  use  a  me¬ 
chanical  substitute. 


Stellar  Supervised  Inertial  Autonavigator 

In  the  stellar  supervised  autanavigator, 
periodic  sights  are  taken  on  known  planets  or 

stars  to  check  on  gyro  drift. 

To  make  the  check,  an  automatic  sextant  is 
mounted  on  a  platform  in  the  missile  so  that 
It  can  he  turned  on  elevation  and  azimuth  axes. 
An  automatic  sextant  is  shi  wn  in  figure  10-16* 


The  sextant  is  moved  on  two  axes  by  motors. 
These  motors  are  connected  to  the  sextant- 
pogit  inning  system, 

Figure  IC-17  shows  a  sextant  positioning  sys¬ 
tem  in  block  form.  Note  that  The  elevation  servo 
generator  and  the  azimuth  servo  generator  both 
receive  signals  from  the  tape  reader.  The  gen¬ 
erators  are  connected  to  servo  motors.  The 
shafts  of  these  motors  ure  mechanically  con¬ 
nected  to  the  sextant  positioning  nears,  go  that 
the  sextant  position  is  actually  controlled  by  the 
information  on  the  tape. 

The  desired  flight  path  of  the  missile  is 
programmed  on  a  tape  (fig,  10-17).  The  tape  is 
pulled  through  a  tape  reader  at  a  constant  speed 

by  the  drive  motor*  The  signal  son  the  tape  con¬ 
tain  elevation  and  azimuth  commands  which  art 
automatically  fed  to  the  sextant  drive  motors  via 

servos*  The  tape  is  prepared  prior  to  launching 
the  missile  anri  contains  all  the  necessary  posi¬ 
tion  and  rate  data  for  the  entire  flight.  To  get 

accur-itu  position  checks,  the  sextant  azimuth 
and  elevation  information  must  be  read  from  the 
tape  at  the  proper  time*  This  is  Of  paramount 
importance  since  a  given  star  is  at  a  particular 
angle  with  respect  to  a  certain  spot  on  earth  only 
at  a  particular  instant* 

The  position  of  the  sextant  is  checked  by 
a  section  called  the  STELLAR  ERROR  DE¬ 
TECTION  CIRCUIT,  which  determines  whether 
or  not  the  star  is  Centered  in  the  telescope 

field,  if  the  stir  is  not  centered  in  the  field, 
m  error  signal  is  generated  and  processed  to 
show  the  amount  of  sextant  error.  The  error 
detection  circuit  is  shown  in  block  form  in 

figure  10-18- 
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Figure  10-16,  —  Auto matir  sextant. 
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positioning  system 


The  sextant  is  trained  on  a  given  star  by 

information  taken  from  the  tape,  and  then 

continues  to  follow  the  star  on  the  basis  of  the 

programmed  tape.  The  output  of  the  automatic 

sextant  is  fed  into  an  error— detecting  system 
{fig,  ItMB). 

The  scanner  is  used  to  detect  errors  in 
■centering  the  star  in  the  optical  field  of  the 
sextant-  The  scanning  system  includes  a  light  - 

chopper,  or  interrupter,  and  a  phototube,  The 

output  voltages  of  the  err  or- detect  ion  system 

are  proportional  to  the  missile  deviations  in 

roll,  pitch,  and  yaw*  The  light  from  a  star, 

after  passing  through  the  scanner,  which  contains 

a  chopper  which  modulates  the  light  beam  at  a 

given  rate,  falls  on  the  light-sensitive  cathode 
of  the  photo- cell.  The  cell  output  voltage  is  pro¬ 
portional  to  the  light  Intensity.  The  output  is  then 
fed  to  a  selective  amplifier  that  selects  the  signal 
from  the  nois^.  The  amplifier  output  1  s th en  fed 
through  a  detector  section  to  a  resolver,  which 
breaks  down  the  signal  Into  azimuth  and  elevation 
error  signals* 

The  direction  resolver  hag  two  outputs.  One 

goes  directly  to  the  yaw  comparator;  the  other 

goes  to  a  secnnd  resolver  section.  The  second 
resolver  is  controlled  from  the  tape  signals. 
The  same  signal  that  sets  the  sextant  position 

sets  the  resolver  for  elevation  error  output. 
Unless  the  elevation  gignal  is  resolved  in  this 
manner,  there  is  no  way  to  determine  whether 
the  error  exists  in  pitch  or  roll,  (If  the  sextant 


were  raised  and  pointed  directly  forward  along 

the  missile  heading,  any  elevation  error  signal 

from  the  sextant  would  be  assumed  to  be  an 

error  about  the  pitch  axis,  If  the  sextant  were 

pointed  out  the  side,  In  a  lateral  direction,  any 

elevation  error  would  be  a  function  of  mi  sail  a 
roll.  Therefore  a  resolver  is  necessary  to  de¬ 
termine  whether  the  error  signal  is  caused  by 
pitch,  roll,  or  by  a  combination  of  the  two*) 
An  ideal  way  to  use  a  star- sighting  system 
is  first  to  check  a  star  whose  line  of  position 
is  parallel  to  the  missile  course,  and  then  eq 
check  another  whose  line  of  position  is  at  right 
angles  to  the  missile  course.  The  information 

from  the  first  star  would  then  be  applied  to  the 
computer  direction  channel,  and  that  from  the 
second  would  go  to  the  distance  channel.  These 
signals  would  then  correct  the  gyros  to  a  new 
position.,  and  compensate  for  any  gyro  drift  chat 
might  have  occurred,  With  the  gyros  corrected, 

errors  in  roll,  pitch,  and  yaw  can  then  be  meas¬ 
ured  and  Used  to  position  the  control  surfaces* 
Remember  that  the  missile  equipped  with  this 
system  is  also  inert  ially  guided*  The  outputs  of 

the  celestial  system  correct  any  errors  mad$ 
by  the  inertial  equipment*  It  is  not  possible  to 

obtain  proportional  control  with  this  System  be¬ 
cause  o:  the  delay  in  signals  g citing  th rough  the 

circuits,  and  damping  by  the  rate  function. 

However,  the  system  dees  tend  to  return  the 

missile  to  the  correct  course  as  soon  as  pos¬ 
sible  without  over- control  oscillations. 


CGaitaAH&J 
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figure  10- LB. —Stellar  error -detect  ion  circuit. 


33.174 


AUTOMATIC  CELESTIAL  NAVIGATION  chance  of  error.  It  is  passible  that  a  standby 

sextant,  might  be  added  to  the  equipment,  so 

The  most  difficult  problem  to  overcome  in  that  it  can  zero  in  on  the  next  star  in  tile 

(he  system  just  described  is  gyro  bearing  navigation  sequence  without  interfering  with 

friction.  The  problem  may  be  solved  by  using  the  fixes  that  are  being  made, 

a  continuously  supervised  system.  The  auto-  One  disadvantage  of  the  multiple  sextant 

m&tie  celestial  navigation  'AON1  system  is  system  ia  the  need  for  a  window  big  enough  to 
continuously  referenced  by  stellar  fixes.  This  view  a  large  area  of  the  celestial  sphere.  Such 
does  not  mean  that  there  is  no  longer  a  ngees-  a  window  would  need  optical  characteristics 
aity  lor  inertial  supervision;  the  inertial  prin-  that  would  add  greatly  to  its  cost.  In  addition, 
ciple  is  still  used  by  the  autopilot  between  the  larger  window  area,  is  more  subject  to 
guidance  commands.  damage  by  natural  forces  at  high  speeds. 

The  platform  equipment  for  ACN  requires  LIGHT  DISPERSION  BY  SHOCK  WAVES,- 
one  or  more  automatic  sextants  in  addition  to  As  light  passes  through  any  light- conductive 
those  already  mentioned*  Two  sextants  a  per-  material,  a  certain  amount  of  refraction  or 
ate  simultaneously  to  obtain  a  series  of  fixes,  bending,  takes  place.  The  higher  the  density 
rather  than  a  line  of  position.  With  fixes  oil  of  the  material,  the  greater  is  the  degree  of 
two  stars  at  the  same  time,  there  is  less  bending.  Rays  of  light  are  refracted  when 
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they  pass  obliquely  through  the  aback  waves 

that  are  generated  by  any  missile-  traveling 

(in  air)  at  or  above  the  speed  of  sound.  This 
effect  may  be  severe  enough  to  limit  the  use 
ol  celestial  navigation  to  missiles  operating 

at  Less  than  sonic  speeds,  or  those  operating 


out  of  the  atmosphere* 


Figure  10-19  shows 


the  effect  of  shock  waves  on  optical  systems. 


NOL3E  FILTERS,  —  In 


practical  applica¬ 


tion,  noise  exists  in  the  output  of  the  velocity- 


men  auring  c  on:p  on  ent , 


The  noise  is  in  the 


form  of  short  bursts,  or  peaks,  of  energy.  It 
may  be  effectively  removed  by  choosing  com¬ 
ponent  values  to  give  the  proper  time  consign' 
(delay)  in  the  circuit,  B-ut  a  filter  of  this  type 
is  not  suitable  for  use  in  removing  noise  of  a 

continuous  nature,  if  some  steady  error,  due 

to  noise,  is  present  in  the  signal  that  indicates 
velocity,  the  entire  computer  output  will  bp  in 
error.  The  elimination  of  errors  caused  by 

noise  requires  a  circuit  that  will  block  noise 

error  signals  but  pass  other  signals,  A  cir¬ 
cuit  with  the  desired  characteristics  is  a  high- 

pass  filter  that  uniformly  passes  a-c  ol  the 
higher  frequencies,  but  blocks  any  signal  Of  a 
lower  frequency. 

High- pass  filters  using  inductive  and  capac¬ 
itive  components  are  eilsy  to  construct;  but 

precision  components  are  necessary  to  get 

sharp  frequency  characteristics,  and  this  fact 


increases  the  cost  considerably. 


To  avoid 


costly  components,  a  d-c  amplifier  with  inte¬ 
grator  feedback  is  used  as  a  high -pass  filter. 


The  integrator  section  is  designed  to  re¬ 
spond  slowly  to  an  input  signal*  It  may  take  as 
long  as  10  minutes  for  the  integrator  signal  to 

build  up  enough  to  cancel  a  steady  amplifier 

input  signal.  Therefore,  all  voltages  that  vary 
■At  a  faster  rate  will  go  tit  rough  the  circuit  he- 
fore  the  feedback  becomes  effective* 


TERRESTRIAL  REFERENCE  NAVIGATION 


The  search  for  accurate,  foolproof  missile 
guidance  systems  has  lurried  up  many  possi¬ 
bilities*  Some  of  those  that  seem  the  most 
fantastic  are  based  on  sound  reasoning.  The 
examples  that  follow  fall  into  this  category. 

Several  picture  and  map  matching  guidance 
systems  have  been  suggested  and  tried.  As 

mentioned  in  chapter  Gt  terrestrial  reference 

navigation  relies  on  comparisons  of  photos  or 
maps  carried  in  the  missile  With  an  imago  Of 
The  terrain  over  which  the  missile  is  flying  nr 

that  time. 

The  baste  idea  can  be  shown  by  using  the 

common  photograph  as  an  example,  II  a  photo¬ 
graphic  negative  is  placed  over  its  coinciding 
positive,  the  entire  area  will  he  black.  If  the 
positive  were  in  the  form  of  a  transparency, 

the  entire  area  would  be  Opaque  and  no  light 

would  get  through.  If  either  the  negative  or  the 
positive  is  moved  slightly  with  respect  to  the 
other,  light  would  show  through  where  the  two 
prints  were  not  matched*  If  one  transparency, 
say  the  negative,  were  in  the  form  of  a  strip 
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144.5® 

Figure  10-19,— Effect  ol  high  speeds  on  optical  systems. 
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Chat  was  pulled  through  a  frame  or  window  by 

a  motor,  it  would  he  possible  to  devise  a  control 
system  that  would  automatically  match  the 

images,.  However,  instead  of  a  transparency 

for  the  positive  image,  the  projected  image 

of  the  terrain  from  a  lens  of  radar  scope  would 
be  used  (€-14). 

Daylight  systems  are  ruled  out  because- 

they  would  he  seriously  affected  by  clouds,  fog, 
and  smoke*  The  use  of  photographs  of  the  ac¬ 
tual  course  or  target  area  -would  not  be  suitable 
for  the  reasons  outlined  above,  and  because 

such  a  system  would  be  susceptible  to  counter- 

measures*  On  the  other  hand,  a  radar  map- 

matchil^  system  has  greater  effective  range, 
and  is  not  limited  by  conditions  Of  Visibility. 

Radar  Map  match  mg 

A  guidance  system  that  uses  radar  map- 

matching  has,  among  other  parts,  a  radar, 

PPlt  lens.,  scanning  motor,  map  holder,  and 
phototube*  Figure  10-2QA  represents  the  com¬ 
ponents  of  a  mapmatching  system, 

A  map  cf  the  terrain  over  which  the  missile  is 

passing  must  be  previously  prepared  on  a  nega¬ 
tive  transparent  film.  This  fact  calls  attention 

to  a.  weak  point  in  the  map  matching  method— 

landmarks  can  change  or  disappear,  new 
landmarks  ran  be  added;  mid  therefore  the  nap  of 

the  area  must  be  very  recent* 

In  Operation,  the  comparison  ia  made  by 
projecting  the  radar  image  from  the  PPI  tube„ 
through  ft  negative  radar  map  transparency  of 
the  same  region,  onto  a  photomultiplier  tube. 
[A  photomultiplier  tube  ia  an  electron  tube  so 
constructed  thai  it  produces  current  amplifica¬ 
tion.  A  very  weak  light  source  casi  be  greatly 

amplified  by  a  tube  with  multiple  stages,.;  The 

lens  (fi£-  10-Z0B)  through  which  the  PPI  image 
passes  is  rotated  in  much  the  same  manner  as  a 
radar  antenna  is  scanned,  The  mirror  rotation 
causes  the  PPI  image  to  be  moved  In  a  small 

circular  pattern  over  the  film*  When  the  imago 

from  the.  PPl  tube  exactly  coincides  with  the 

map  image*  minimum  light  gets  through  to  the 

photo  -  multipl  i  e  r  tub  e , 

When  the  output  of  the  photomultiplier  tube 
amplifier  is  properly  enmmutATed  by  the  com¬ 
mutator  section,  left-right  and  for  e-alt  informa¬ 
tion  is  obtained. 

The  pulses  from  the  commutator  are  ap¬ 
plied  to  d-c  discriminators  and  integrators. 

Then,  as  shown  in  figure  10-3GA,  the  informa¬ 
tion  is  fed  to  two  loops,  lateral  and  long iudinal. 


The  left-ri 

amplifier 


dit  information  is  fed  to  a  servo- 
which  drives  the  film!  carriage 
keen  the  images  matched.  The 


laterally  to  keep  the  images  matched.  The 
position  of  the  carriage  is  picked  off  as  art  er¬ 
ror  signal  voltage  for  the  missile  control  sy s- 

rem.  As  ihe  missile  mens  nn  iis  yaw  axis  to 

the  correct  heading,  the  film  carriage  is  moved 

and  the  error  cancels  Gut, 

Fore-aft  information  is  fed  to  the  longitud¬ 
inal  servoloop  that  pulls  the  film  through  the 
holder  at  the  correct  speed  to  maintain  a  match 

between  the  film  Image  and  the  ppi  tube  imsge* 

This  means  that  the  film  speed  must  be  propor¬ 
tional  to  the  ground  speed  of  the  missile,  Ee 
is  possible  to  key  the  film  to  cause  course 
changes  or  to  start  the  terminal  phase. 

Errors  can  result  from  a  difference  in  alti¬ 
tude  between  reconnaissance  ( radar  mapping) 

and  tracking  (actual  missile  flight  Jruns because 
□f  slant  range  distortion  and  altitude- return 


' 


It  necessary  to  have-  angul 


matching  to 


within  one  degree  before  accurate  left- 
fore- aft  information  can  be  obtained. 


right  and 


matching  can  be  obtained  by 


biained.  Angular 

means  of  a  mag¬ 


netic  auxiliary  such  as  a  compass*  Matching  is 

maintained  by  the  azimuth  loop  of  the  system, 

Two  types  of  film  holders  cati  be  used.  The 

frame  type  Lb  the  larger,  and  more  complica¬ 
ted  mechanically.  It  swatches  separate  frames 
into  the  scanning  area  and  is  easier  to  lock  on 
with  the  system.  However,  a  better  method 
seems  to  be  the  one  shown  in  figure  10-20,  in 
which  the-  film  Ls  scanned  through  a  mask  with 
a  semicircular  opening. 

If  die  film  strip  used  hi  this  system  is  pulled 
through  the-  viewer  at  a  speed  corresponding  to 
the  missile  ground  speed,  its  length  will  be  about 
1/20  of  that  required  for  a  fra  me  -  type  map . 

Errors  can  result  from  a  difference  in  alti¬ 
tude  between  reconnaissance  f radar  mapping) 

and  tracking  (actual  missile  flight)  run  a  be¬ 
cause  of  slar, t  range  distortion  and  altitude- 
return  delay. 

it  is  necessary  to  have  angular  match  mg  to 
within  one  degree  before  accurate  left -right 
and  fore-aft  information  can  be  obtained. 

The  reference  maps  may  be  obtained  by 
actual  radar  map  making  flights  over  the  ter¬ 
rain  that  is  to  be  traversed  by  the  missile. 
These  flights  may  be  made  at  high  altitudes  in 

almost  any  kind  of  weather.  Another  method 
involves  the  use  of  synthetic  maps. 

The  synthetic  maps  are  prepared  by  using 
maps  of  the  area,  aerial  photoe*  and  other 
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Figure  1Q-2G,— Radar  map  matching:  A*  Block  diagram  of  system; 

B*  Film  holder  operation  for  strip  map. 


information*  A  relief  map  is  built  up  from  this 
information  ana  then  photographed.  Maps  pre¬ 
pared  in  this  manner  are  only  slightly  inferior 
td  actual  maps* 


Radar  mapmatcMng  is  limited  by  the  capac¬ 
ity  of  the  film  magazine*  Also  it  cannot  be  used 
ovar  water,  or  over  land  that  lacks  distinguish¬ 
ing  featured,  The  system  is  also  subject  to 
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electronic  counter measures,  but  it  lias  some 

Immunity  because  of  the  highly  directive  an¬ 
tenna  system. 

Therefore,  this  system  is  best  suited  for 
use  as  a  part  of  a  composite  system  that  uses 
lumradlatlng  midcourse  guidance.  The  map- 
matching  system  would  he  used  for  a  mini¬ 
mum  time  prior  to  the  arrival  of  the  missile 

at  the  target.  This  method  affords  the  greatest 

element  at  surprise,  and  represents  the  best 
method  of  evading  counter  measures. 


Magnetic  References 


The  use  of  the  earth's  magnetic  field 


as  a 


reference  for  miasile  guidance  systems  has  been 
discussed  in  another  chapter.  The  sensor  units 
used  in  this  system  are  refinements  o:  the 

simple  magnetic  compass,  and  are  called  the 
flux  gate  compass  and  the  gyrosyn  compass. 
Studies  made  during  the  International  Geo¬ 
physical  Year,  and  the  information  obtained  by 
submarines  cruising  under  the  ice  at  the  North 
Pols,  have  given  new  Insight  into  the  nature  of 
the  earth's  magnetic  field.  These  studies  will 

continue.  And,  as  more  information  is  gained, 


magnetic  reference  systems  will  become  more 

practicable. 

The  present  accuracy  of  magnetic  systems 
is  within  about  7  miles,  but  is  limited  to  the 

course  line  only.  This  means  that  a  missile 
using  this  system  would  need  to  be  launched 
near,  or  flown  to,  the  vicinity  of  a  line  of  mag¬ 
netic  intensity  that  crossed  the  target  area. 

Magnetic  storms  would  prevent  the  use  of  the 


turned  to  normal  * 

Keep  in  mind  that,  as  more  knowledge  is 
obtained  about  the  behavior  of  the  magnetic 
field,  it  may  become  possible  to  predict  mag¬ 
netic  conditions  in  much  the  same  manner  as 
weather  is  predicted  today.  There  is,  accord¬ 
ing-  to  present  knowledge,,  one  major  difference 
in  the  two  types  of  predictions.  Weather  pre¬ 
dictions  may  prove  inaccurate  Tor  a  given  area 

because  of  purely  local  conditions.  On  the 
other  hand,  the  earth's  entire  magnetic  field 

is  disturbed  under  magnetic  storm  conditions,, 

and  there  are  no  strictly  local  effects.,  hliould 
extremely  accurate  magnetic  condition  forecasts 

become  feasible,  it  ir-  possible  That  fcho  disturbed 
conditions  might  be  used  to  advantage  in  missile 

guidance. 
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CHAPTER  11 


GUIDED  MISSILE  SHIPS  AND  SYSTEMS 


INTRODUCTION 


GENERAL 


This  chapter  describes  the  current  guided 
missile  ships  and  systems  o f  the  Navy,  It  will 
orient  the  student  to  the  missions,  functions, 
and  general  nature  of  the  Navy's  missile  pro¬ 
gram. 


The  confidential  text  in  this  series  ’will 

describe  in  more  detail  those  characteristics 

of  missile  ships  and  systems  which  have  been 

omitted  here  because  Of  Security. 


fire  support  to  permit  the  advance  of  friendly 
troops  would  he  tactical  in  nature.  The  destruc¬ 
tion  of  ball  bearing  factories  deep  in  enemy 

country,  thereby  affecting’  the  enemy's  war¬ 
making  potential,  would  be  strategic. 

Tactical  targets,  as  opposed  to  strategic 
ar.es,  are  fiepTing  in  rcaturejthey  ranbe  success- 

fully  attacked  only  by  weapons  that  can  reach 

them  in  minimum  time  and  with  a  high  degree  of 
accuracy*  One  should  not  consider,  however, 

that  these  definitions  a  re  him]- set*  bar  example, 
consider  the  destruction  of  an  enemy  airfield. 
In  one  phase  of  a  battle  this  may  have  [Strategic 
significance.  But  the  destruction  of  the  same 

airfield  in  support  of  a  lanc!i:ig  operation  would 

have  tactical  significance. 


MISSION  OF  MISSILE  SHIPS 


TYPES  01  MISSIL  E  Sif  I  PS- 


GENERAL 


Before  proceeding  with  descriptions  of  the 
missions  of  missile  ships,  it  is  necessary  that 
the  reader  be  familiar  with  certain  definitions* 
The  MISSION  of  a  ship  is  a  broad  statement 
of  it  a  designed  purpose  in  the  Navy.  In  a  more 

restricted  sense,  the  term  mission  can  be  ap¬ 
plied  to  the  component  parts  if  a  ship.  Thus  the 

term  ts  also  used  hi  reference  10  missile  sys¬ 
tems. 

Tasks  of  the  mission  specif Ically  define  what 
the  ship  5S  expected  to  do  at  a  given  time.  There 


lire  two  broad  categories  into  w 


inch  missions 


ire  sometimes  divided— STRATEGIC  and  TAC¬ 
TICAL.  A  full  discussion  of  the  meaning  and 
significance  of  these  terms  tuuld  extend  the 
length  of  this  chapter*  Quick  insight  can  be 

grasped  however,  by  remembering  that  Tactics 
i&  (he  art  of  battle,  and  that  strategy  is  the  art 
of  war.  Therefore,  a  tactical  mission  is  one  that 

has  a  direct  Influence  on  the  course  of  battle  in 
progress.  A  strategic  mission  is  far- 
reaching— it  is  one  that  may  have  no  direct  or 

immediate  influence.  The  job  of  providing  close 


Because  of  the  rapid  changes  brought  about 

by  many  recent  scientific  breakthrough^  the 

of  missile  ships  nr  missile  systems  is 


a  till  chang  lj] 


if 


But  there  a re  certain  patterns 


that  can  be  considered  fundamental.  At  the  time 
of  writing  this  text,  all  but  one  of  pur  missile 

cruisers  are  conversions  from  older  ships* 

Conversion  rather  that  construction  is  an  eco¬ 
nomical  approach  to  a  guided  missile  Navy*  In 
many  ways  it  is  a  necessary  approach,  since 

many  problems  in  ship  construction  for  missile 

needs  must  be  worked  out.  In  addition  to  the 

conversions,  however,  there  are  now'  in  com- 

mission  many  new  ships  designed  from  the  keel 
up  as  guided  missile  ships,  and  many  more  are 
in  the  building  or  planning  stage.  No  guided 

missile  destroyers  are  conversions. 


QUID  EL  MISSILE  CRUISERS 


the 


is  to  provide  A  A  defense,  to  bombard  enemy 
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rkii 

»  M  .  E 


ri.L.- 


T*  LI'  5 


FH? 


missil e- equipped  task  force 


3.73 


Figure  11-2* 


USS  Canberra  (CAG-2  . 


shore  installations,  to  carry  a  force  commander, 
to  control  aircraft,  and  to  conduct  combat oper¬ 
ations  against  enemy  aurEace  craft. 

Cruisers  are  beinii  designed  to  include  an 
ASW  capability.  This  will  suable  them  to  pro¬ 
vide  deiense  against  enemy  subsurface  attack, 
and  thus  permit  a  field  of  action  much  greater 
than  that  of  conventional  cruisers,  Figure  II- 1 


I  CYA  iTCRfisEft 
l  fiS  I  rlJ&,  TIPBlCBi 

f  [1.L-  'jtr>*.±(f 


144.59 


Figure  1 1-1 . — A  possible  disposition  of  a 


indicates  a  possible  task  forte  formation  of  the 
future.  Note  that  the  force  i$  spread  nut  over 
many  miles  of  ocean. 

There  are  five  classes  cf  guided  missile 

cruisers*  First,  there  are  the  C AG  (Terrier) 
conversions.  Figure  11-2  la  a  picture  ol  ths 
USS  Canberra  (CAG-2)  This  class  of  ships  is 

the  result  of  conversion  ol  World  War  II  heavy 

cruisers.  From  outward  appearances,  the  com 
version  consists  of  removing  the  after  8' 755 

triple  turret,  throe  after  5T,/36  twin  mounts., 

a nd  U ie  after  c onv entioi sal  i i r e  c. oi it rol dir eu to rs, 


and  gubS’iihnirg  rwo  twin  Terrier  launchers  a  ltd 

two  Terrier  directors. 

Figure  13-3  shows  a  second  class  of  missile 
cruisers— the  CLG  (Terrier)  class.  These Shipa 
are  conversions  of  World  War  II  light  cruisers. 
The  armament  oi  the  CLG  {Terrier,1  consists  of 

the  following ; 

1- twin  Terrier  launcher 

2- missile  guidance  systems 


1  or  2“-6TT/47  triple  turrets 

1  or  3 — 5f  */3&  twin  mounts 

A  CLG  (Terrier),  converted  to  include  fleet 

flag  facilities,  will  have  further  modification  oi 

its  gun  batteries. 

Of  the  CLG  (Terrier)  conversions,  the  USS 

Providence,  Springfield,  and  Topeka  have  be¬ 
come  the  CLGs  ehft  and  8*.  r  esp ectlvel y * 

i  he  thirl  class  of  guided  missile  cruiser  is 
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Figure  11-3*— 1'35  Springfield  (OUG-T). 


33*283 


the  only  significant  difference  between  the  Ter¬ 
rier-  and  Talos- equipped  CLGs  is  in  the  cap¬ 
abilities  of  the  missile's  themselves.  TheCLG 


(Talos)  is  converted  from  the  same  class  of  light 
cruiser,  and  the  resulting  armament  is  essen¬ 
tially  the  same  as  that  described  for  the  C  LG 
(Terrier)*  In  the  CLG  (Talcs)  class,  there  are 
the  US  5  Gal  v  e  s on Little  Rock,  and  Oklahoma 
City,  CLGs  3,4,  and  5,  respectively. 

The  fourth  class  missile  ship  conversions 
Arc  the  all-missile  cruisers  USS  Albany,  Chi¬ 
cago,  and  Columbus,  CGs  10,11,  and  12,  re¬ 
spectively,  These  were  formerly  World  War  11 
heavy  cruisers.  The  conversion  to  guided 
missile  cruisers  has  been  more  complete  with 
this  class,  however,  as  all  gun  turrets,  gun 
moun+Sj  and  conventional  fire  control  directors 
have  been  removed*  in  their  stead,  Tales 
launchers  have  been  installed  fore  and  aft;  a 

Tartar  launcher  on  each  side,  and  Tales  di¬ 
rectors  and  Tartar  directors  have  been  em¬ 


placed*  However,  two  single  5",  38  twin  mounts 
have  been  re-installed  amidships.  Figure  11-4 

is  an  illustration  of  the  USS  Albany  (CG-10). 

To  complete  the  pictur  e,  th  er  e  is  the  nu  el  ear - 

powered  guided  missile  cruiser,  which  is  the  only 

cruiser  designed  si  tie  e  World  War  II  from  the 

keel  up,  Figure  11-5  shows  the  USS  Long 

B each  (CGN-9),  Like  the  USS  Albany  class,  it 
is  armed  with  both  long  and  medium  rang# 


surface-to-air  missiles,  but  it  also  lias  the 
latest  ASW  srmament,  Nuclear  propulsion 
gives  this  class  a  far  greater  operating  range 
than  ships  with  conventional  propulsion. 


G V  LD ED  M L3SI LE  DESTFt OY E R3 


Present  planning  provides  for  four  classes  of 
destroyer  types  having  a  missile  capability.  The 
mission  of  each  of  these  types  is  to  screen  task 
forces  and  convoys  against  enemy  air,  surface, 
and  submarine  threats*  They  also  provide  air 

Control,  give  radar  picket  duty,  make  offensive 

strikes,  and  carry  DASH.  The  first  of  these  is 
the  guided  missile  destroyer  (DDGj*  Thc-DDGi-a 

similar  to  the  conventional  destroyer  in  dis¬ 
placement  and  other  general  characteristics. 

Figure  11 -ft  shows  UdS  Barney  {DDG-6J.  The 

following  are  typical  armament  installations  on 
a  DDG: 

2-5"/54  gun  mounts 

1-twin  or  single  Tartar  launcher 


1-Asroc  launcher 


£-Mk  32  triple  torpedo  tubes 
The  second  DD  family  is  the  guided  missile 
frigate  (DIG).  The  DLG  is  the  big  sifter  of  the 
DDG,  with  longer  endurance  and  better  sea- 
keeping  abilities.  DLGs  are  equipped  with  the 

Terrier  missile  system*  Those  of  the  Leahy 

class  (fig,  11-7)  carry  a  Terrier  launcher  both 

forward  aft,  while  those  of  the  Farragut  class 

have  but  one  Terrier  launcher  mounted  aft. 


In  place  of  the  forward  launcher,  a  5”/54  gun 

mount  is  installed  on  these  ships,  In  addition 


to  the  above,  all  DLGs  carry  two  twin  3T,/50  RY 
:  rap  id  firing)  gun  mounts,  Asroc,  and  ASW 
torpedoes.  An  important  new  addition  to  the 

DLG  ranks  is  the  nuclear- powered  guided  mis¬ 
sile  frigate,  USS  Bai abridge  (DLGN-25K  The 
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Chapter  !  1— GUIDED  MISSH  F  SHIPS  A ND  SYSTEMS 


Figaro  11-6.— USS  Barney  (DDG-S  ), 


Figure  ll-T.-USS  Leahy  JDLG-16). 


1  34.84 


armament  of  the  U S£  h a i nbr i rig <?  is  the  same  as 
that  of  the  DLC-I6  class  (see  fig.  11-7,  USS 
Leahy  (DLG-16)},  but  her  operating  range  is 
vastly  greater* 

The  newest  members  o?  the  guided  missile 
destroyer  family  are  the  DEGs,  guided  missile 

destroyer  escorts.  The  DEGs  are  designed  to 

locate  and  destroy  enemy  submarines*  They  will 
be  fitted  with  a  Tartar  missile  launcher,  and  will 
also  carry  a  5 "/S 6  gun  rtiou nt ,  Asr oc ,  t wo  Mk  32 


triple  torpedo  tubes*  and  two  Mk  25  torpedo 
tubes. 

GUIDED  MISSILE  SUBMARINES 

The  primary  mission  of  the  [raided  missile 

submarine  is  to  deliver  guided  missile  attacks 
against  enemy  shore  installations*  Its  tasks  in^ 
elude  the  launching  and  control  of  missiles* 

and  self-defense  by  means  of  underwater 
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launched  weapons.  The  foremost  of  Our  guided  Const  e nation  (CVA-64J  (fig.  11-B),  are  eadr 
miggilc  submarines  are  those  designed  to  carry  fitted  with  twin  Terrier  launchers..  It  is  planned 
the  Polaris  ballistic  type  missile.  These  long  that  other  carriers  to  come,  plus  some  already 
ranging  nuclear-powered  ships  with  their  for-  in  commission,  will  be  fitted  with  missile  ays- 
mid  able  weapons  are  a  powerful  deterrent  terns. 

to  any  consideration  Our  enemies  might  have  of 

making  the  “cold  warJJ  a  “hot”  one.  SURFACE  SHIP  MISSILE  SYSTEMS 

A  new  type  of  missile,  Subroc,  an  under¬ 
water  to  air -to -underwater  missile,  is  being  GENERAL 

■developed  and  La  expected  to  be  operational 


soon*  Subroe  is  designed  to  be  launched  from 

standard  torpedo  tubes  using  conventional  ejec¬ 
tion  methods.  Subroct  when  fully  operational* 


This  section  will  outline  the  fundamentals 


of  a  surface-to-air 


system  as  it  might 


found  on  a  surface  ship*  Specifically 


will  provide  submarines  with  a  radically  ini-  section  will  take  up  the  Terrier  (RIM)  system 


proved  kill  capability 


OTHER  MISSILE  SHIPS 


on  DLGs 


The 


systems 


those  ships  may  be  considered  typical  of  i 

surface  ship  missile  system. 


The  Navy  intends  to  eventually  replace  many  ORGANIZATION  OF  MISSILE  SHIPS 

of  its  conventional  antiaircraft  gunnery  sys¬ 
tems  with  missile  systems*  In  the  future, 


The  organisation  ol  missile  ships  is  -con 

amphibious  craft,  and  service  craft  wall  take  parable  to  that  of  other  ships  with  similar 
their  place  in  the  missile  Navy,  At  the  pres-  missions.  Most  of  the  equipment  and  personnel 

Hawk  associated  with  the  missiles  are  under  the 


ent  time,  three  OVA  a,  the  L'SS 


(CVA-63),  USS  America  CVA-$$j',  and  the  USS  cognisance  of  the  weapons  Officer* 


Figure  11-6 . — U.SS  C oust e  1  la t ion  (C VA - S4 J  launching  Terrier  missile* 


Chapter  II— GUIDED  MISSILE  SKIPS  AND  SYSTEMS 


Figure  1 1  -9  is  the  Weapons  Department 


organizational 


chart  for  the  USS 


.£'L' 


(D  LG  -  G : 


There  are  variations  to  suit  the 


needs  of  each  ship*  but  figure  11-9  Illustrates 

the  type  oE  Organization, 

The  men  who  are  responsible  lor  the  op¬ 
eration  and  maintenance  of  the  missile  itself 

are  under  the  missile  officer*  Weapons  con¬ 
trol  equipment  of  the  missile  system:  is  under 
the  cognizance  of  the  lire  control  officer* 

The  missile  system  algo  gets  an  assist 

from  Operations  Department  personnel,  as  Ra- 

darmen  perform  certain  plotting  and  liaison 
functions  in  the  weapons  control  system. 


TERRIER  (RIM)  MISSILE  SYSTEM 


The  Terrier  missile 
missile  ship  C  On  Si  eta  of 

terns'  fl)  the  missile, 


ay  stein  of  a  guided 
four  major  subsys- 
i2)  the  Ship*  (3)  the 


weapons  control  system,  and  -4)  the  missile 

storage,  loading,  and  launching  system, 


The  Missile 

As  you  wall  recall  from  the  first  part  of  this 
volume,  the  Terrier  (RIM)  is  a  medium -range 


beam  rider ^  or 


homing  missile,  depend ing 


on  the  mod,  propelled  by  a  solid-fuel  sustuiner 
rocket,  and  launched  with  a  solid -fuel  booster. 
It  is  capable  of  carrying  a  fragmentation  or  a 
nuclear  warhead.  It  can  be  used  against  sur¬ 
face,  shore,  or  air  targets. 


The  Ship 

The  second  major  subsystem  is  the  ship 

itself,  which  provides  the  launching  platform, 

and  transports  the  missile  part  way  to  the  tar¬ 
get.  It  also  provides  the  bask-  services  neces¬ 


sary  for  the  maintenance  and  operation  of  the 
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Figure  11-9,— Organization,  chart p  Weapons  Department*  USS  Farragut  class  DLGh 
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missile  system-  These  basic  services  include 
electric  power,  communication sf  testing  fa* 
cilitLes,  compressed  air  artd  nitrogen,  logistics 
support  t  etc ,  The  shi  p  a  1  s  n  p  rov  id  es  ea  r ly  wa  ru¬ 
ing  and  other  QIC  functions  required  for  target 
acquisitions,  target  tracking,  and  computer 

solutions  for  fire  control  problems, 

The  armament  of  a  DLG  varies,  of  course, 
on  one -ended  (Farm  gut  class)  or  the  double- 
ended  (Leahy  class)  ships.  Figure  11-10 

illustrates  the  placement  of  components  on  h 
DLG  class  9  ship, 

Weapons  Control  System 

This  is  the  third  major  subsystem.  It  en¬ 
compasses  both  the  gtm  and  missile  fire  control 
equipment.  The  weapons  control  system  will  be 
described  in  some  detail  in  this  acid  the  suc¬ 
ceeding  section* 

Consider  that  an  aircraft  at  20,000  feet, 

traveling  at  600  knots,  will  reach  its  bomb- 


release  point  more  than  10,000  yards  from  us 
target*  Consider,  also,  that  this  aircraft  is 

traveling  20,000  yards  a  minute,  and  that  the 
total  problem  may  consist  Of  two,  three,  or 
more  aircraft.  Finally,  recall  that  in  order 
to  destroy  an  aircraft  with  a  missile  or  a 
projectile  it  wall  be  necessary  to  do  all  of  the 
following  BEFORE  the  target  aircraft  reaches 
its  bomb* release  point: 

(1J  Detect  the  target  aircraft  with  radar 

(2J  Identify  the  target  as  “friend  or  foe?T 

(3}  Designate  to  a  selected  director  to  ac¬ 
quire  the  target 

(4)  Obtain  a  solution,  with  director's  as¬ 
sociated  computer 

•!.5 >  Assign  weapons  to  the  tracking  direc¬ 
tor  On  a  priority  basis,  and  position 

these  weapons  in  train  and  elevation 

(6)  Fire 

(7)  Wait  Until  the  projectile  Or  missile 
reaches  the  point  of  impact  with  the  tar¬ 
get 
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Chapter  II 


MISSILE  SHIPS 


The  need  for  urgency,  and  the  complexity  of 
the  A  A  problem,  were  the  reasons  for  develop¬ 
ment  of  the  complex  weapons  control  system 

found  on  the  missile  ships,  The  missile  ship 

weapons  control  system  was  conceived  to  hold 

to  a  minimum  the  time  required  for  acquisition 
of  targets,  and  to  permit  simultaaieous  engage¬ 
ment  of  multiple  targets* 

The  weapons  control  system  can  be  divided 

into  fire  control  equipment  and  weapons  direc- 


missiles,  there  is  a  need  to  solve  for  launcher 
and  in-flight  guidance  orders. 

The  WEAPONS  DIRECTION  EQUIPMENT 
provides  the  displays  and  controls  required 
for  the  proper  utilization  of  the  ship's  weap¬ 
ons,  This  utilization  requires  full  evaluation 

of  targets,  assignment  of  missile  (or  gun)  di¬ 
rectors  to  the  proper  targets,  proper  selec¬ 
tion  of  missiles  and  loading  of  launchers,  tac¬ 
tical  evaluation  prior  to  firing,  and,  finally, 

continued  evaluation  to  ascertain  that  targets 

are  effectively  encountered  and  that  target 

priorities  remain  as  first  evaluated*  Figure 
11-11  is  a  sketch  of  a  weapons  control  station, 

which  contains  most  of  the  weapons  direction 

equipment*  Other  missile  ships  use  similar 

equipment,  often  the  same  mark  and  mod. 


The  FIRE  CONTROL  equipment  supplies  the 

ha  flic  intelligence  and  control  functions  for  ef¬ 
fective  engagement  of  targets  by  die  ship's 
weapons.  Thus,  with  conventional  gunnery, 

there  is  a  need  to  compute  gun  orders*  With 


CWIOCD  MiSSiuE  ST*TU3  lN(S*C4T&n 

I  CONTROL  INDICATOR 

I  INDICATOR  PAWEL 
/  /  ?ca  SETUP  INDICATOR 


UMATTEM&ED  EGUlPMtNt  AREA 


PyLSE  SrWBQL  GENEP-iTCf*5: 

TARGET  THilCKlfl 


MASTER  &&HTVDL 


CDWERTEH: 


SUSNiL. 


C-ONTfttt.  I'l  JICITDR 


i^DtCATOP  LAMP 


Mt  kvc  v£  STATION  DOWD 


CONTROL  stfMATQB 


target  cctEcnw  am&  tracking  console 


1.-4,  AND  ■  US-  D EEL  GNAT  ION  SEICHES. 


w  issue  w&Mh  wtf  Switch 


ERECTOR  ASSIGN CONSOLE 


tETKTlQM  AN©  TRACKING  AREA 


ASB*hMQiT 


ORDNANCE  CONTROL  AREA 


control  station 


257 


PRINCIPLES  OF  GUIDED  MISSILES  AND  NUCI  EAR  WEAPONS 


Missile  Stowage,  Loading,  and  Launching  Tracking,  Evaluation, 

Systems  Director  Assignment 


In  general,  U  csm  "be-  said  that  the  missile  is 
handled  in  the  same  way  that  conventional  am¬ 
munition  and  weapons  are  hand  Led,  However, 

certain  missile  characteristics  modify  the  han¬ 
dling  and  stou-ogo  problem.  The  Terrier  missile 
is  heavy  and  unwieldy,  since  its  length  with 

booster  is  over  2d  feet  and  its  -weight  is  in  the 


neighborhood  of  2400  pounds.  The-  electronic 
equipment,  and  the  powder  grains  chat  make  up 


the  boaster,  require  a  controlled  environment 
in  order  to  maintain  missile  reliability.  If  sub¬ 


jected  to  cold,  the  boosters  and  sustain  erg  be¬ 
come  brittle  and  a  re  more  likely  to  fracture 
upon  normal  handling.  A  missile  propellant 
that  is  cracked  will  burn  faster  chan  it  normally 
should,  becoming  unreliable  and  perhaps  ex¬ 
tremely  dangerous.  Excessive  heat  and/or 
moisture  will  aLso  have  an  adverse  effect  onthe 

missile  booster  and  su plainer  propellants. 


Each  missile  launcher  has  an  associated 


magazine,  ready  service  magazine,  and  wing- 
assembly  area,  The  missiles  are  stored  in  a 
condition  ready  to  be  launched  on  short  notice. 
Also  because  of  the  rapidity  with  which  the  A  A 
problem  develops,  provision  is  made  for  rapid 

loading  of  additional  missiles  and  the  jettison¬ 
ing  of  malfunctions.  With  the  exception  of  wing 

and  fin  assembly,  the  Terrier  loading  cycle  is 
fully  automatic, 

A  more  detailed  study  of  missile  loading  and 
launching  systems  will  be  included  in  the  con¬ 


fidential  volume  of  this  series. 


In  addition  to  the  conventional  search  and 

fire  control  radar  normally  found  on  Navy 

ships,  a  designation  radar  is  installed  as  part 
of  the  weapons  control  system.  i'he  designa¬ 
tion  radar  is  a  hemispherical  scan  radar,  and 
it  provides  a  continuous  360°  HORIZON  TO  A 
GIVEN  ELEVATION  radar  scan.  Thus,  the 
designation  radar  will  supply  range,  bearing, 
and  elevation  of  ail  targets  within  its  range. 
All  targets  within  the  scope  of  the  hemispheri¬ 
cal  scan  rad  a  r  are  made  available  as  Inputs 
to  the  automatic  tracking  {TWS:  trank- while- 
scan  system)  feature  of  the  weapons  control 
system.  Automatic  tracking  is  necessary  be¬ 
cause  o£  the  requirement  for  speed,  and  be¬ 
cause  the  number  of  targets  may  exceed  the 

number  of  directors  available,  or  the  capability 

of  human  tracking.  The  Terrier  weapons  con¬ 
trol  system  is  able  to  retain  all  target  informa¬ 
tion  in  a  ready -Io-uec  form,  for  tra  ns  miss  ion 

to  directors  as  rapidly  as  they  arc  able  to  take 
successive  targets. 

Too,  because  of  the  limited  time  available, 
provision  is  made  within  the  weapons  control 

system  far  as  much  automatic  evaluation  (as 

opposed  to  human  operation)  and  director  as¬ 
signing  features  as  is  possible.  Thus  an 
aircraft  attacking  so  as  to  be  the  most  serious- 
threat  will  automatically  be  given  priority  in 
director  assignment. 

Weapons  Control  System  Phases 


THE  A  A  PROBLEM 

Figure  II- 12  is  a  block  diagram  that  will 

help  the  reader  to  Understand  die  functioning 
of  the  Terrier  weapons  system  as  it  concerns 

the  A  A  problem. 

Detection  and  Identification 

A  target  is  detected  by  the  ship's  air 
search  radar,  by  an  Airborne  Early  Warning 
(A EWJ  system,  or  perhaps  by  another  ship 
acting  as  a  picket.  Another  source  of  informa¬ 
tion  is  the  Navy  Tactical  Data  System  fNTDS}, 
discussed  later.  This  target  Information  is 

presented  to  CIC  and  the  weapons  control  station 
in  a  conventional  manner.  The  target  is  inter¬ 
rogated,  plotted,  and  assigned  a  designation  ac¬ 
cording  to  its  status  an  friend  or  foe. 


Within  the  weapons  control  system  are  three 

phases  of  actions  and  equipments) 

interaction  of  modern  equipment 


successive 


although  the 
ha 3  tended  to  break  down  separation  into  phases. 

PHASE  1.— This  is  a  combined  phase  I  lor  gut 
and  missile  use,  whereby  targets  arc  selects 
by  the  phase  I  equipment  operators  for  automa¬ 
tic  tracking.  These  phase  T  operators,  aide! 
by  what  is  presented  on  their  radar  scopes  and 
by  the  information  received  from  CIC,  thee 

institute  the  automatic  features  of  the  TWBsys-, 

tern.  To  summarize,  phase  I  equipment  pro-, 
vides  for  display,  detection,  initial  selection, 

and  tracking  of  targets. 

PHASE  II, -This  and  succeeding  phases  wid 


be  discussed 


insofar  as  they  concern  tfa 

-I.  ■  -I  1  -  - _ l.ll  31  J  _ _ _  Lj.  — 


missile  problem.  Parallel  capabilities  for  tar¬ 
get  acquisition  are  provided  for  the  gunnery 
problem-  Phase  13  equipment  for  missilet? 
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Figure  11-1 2. — Terrier  weapons  system,  flow  of  information  and  directions. 
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provides  for  evaluation  and  assignment  to  a 
particular  missile  director,  or  for  rejection  as 
a  missile  target.  If  the  Target  is  rejected  for 
missilery  at  this  point  for  at  any  other  time), 
designation  to  a  gunnery  director  must  be  con¬ 
sidered  {The  phase  IT  equipment  for  gunnery 
will  function  automatically  to  assign  to  a  gun 
director  for  acquisition  any  target  that  moots 
the  priority  requirements.)  Duplication  of  ef¬ 
fort  i£  prevented  by  the  fact  that  targets  are 
normally  engaged  with  missiles  long  before 
their  priority  dictates  serious  consideration  by 


the  gunnery  assignment  equipment.  To  Uf] 
Li&  phase  II  equipment  Operators  select  and 
assign  priorities  to  missile  targets:  they  then 
assign  the  targets,  in  order  of  ‘'threat'*,  to  the 
missile  directors  for  acquisition. 

PHA5E  ITT.— The  function  of  the  phase  m 
equipment  is  to  receive  and  display  all  the  com¬ 
prehensive  information  necessary  to  select 
launchers  and  successfully  fire  the  appropriate 
missiles  against  the  selected  targets,  tn- 


formation^  such  as  unclear  areas,  launcher 
availability,  maximum  and  minimum  missile 
capabilities,  present  and  advance  target  po¬ 
sition,  etc,,  are  available  to  the  phase  III 
equipment  operators. 


Lire  Control 


A  director,  having  a squired  the  target  des¬ 
ignated  by  The  weapons  direction  equipment, 
will,  together  with  its  computer,  complete  a 
solution.  The  solution  is  in  the  iortn  of 
missile  launcher  orders  and  missile  guidance 
orders.  The  A  A  problem  is  completed  when  the 
target  Is  destroyed,  or  when  a  director  is  re¬ 
leased  because  of  change  in  target  priorities. 


MISKILF  LOGISTICS 


Missile  logistics  is  the  problem  of  Keeping 
the  operating  forces  supplied  with  a  stockpile 
of  missiles  and  spare  parts.  Initially,  missile 
■components  are  shipped  in  sections  from  the 
manufacturers  to  storage  depots  located 
throughout  the  continental  United  States  and  at 
its  advanced  bases.  Each  of  the  sections  that 
make  up  the  missile  is  packaged  in  a  reusable 
metal  container.  The  containers  are  sealed, 
and  contain  desiccant  in  order  to  provide  an 
environment  least  likely  to  cause  unreliability 
in  the  component.  When  necessary  to  supply 
the  operating  forces  with  a  missile,  it  la  the 


d epo t T s  responsibility  to  test,  assemble,  aixf 
transfer  a  complete  missile  in  the  (orm  re¬ 
quired  by  the  recipient.  A  missile,  being  ex¬ 
tremely  complex  and  of  large  unit  siz.e  and 
value,  requires  more  care  in  transport  and 
handling  than  does  a  conventional  round  of  am¬ 
munition,  For  this  reason,  all  handling  equip¬ 
ment  and  shipping  containers  are  designed  to 
realize  maximum  missile  reliability. 


Once  aboard  the 


again  tested  to  ensure 


missiles  are 
,  Missiles 

must  either  pass  the  mud  tests  or  be  repaired. 
When  any  missile  component  fails  in  test,  it  is 
rep  Sac  ed  with  a  spare  and  the  rejected  part  is 
shipped  back  to  a  depet  for  complete  overhaul. 
The  ship  is  equipped  to  make  minor  repairs 
and  component  substitutions,  but  not  to  make 
exrensave  overhauls  All  the  steps  in  missile 
manufacture,  storage,  handling,  end  testing  arc 
for  maximum  missile  reliability, 

Missile  ships  are  equipped  to  receive  re¬ 
place  men!  missiles  both  while  in  port  and  while 


under  way 


Transfer  at  sea  is 


con¬ 


ducted  by  use  of  the-  burtonifig  method.  Some  Of 
the  newest  ships  use  the  FAST  {Fast  Automatic 

Shuttle  Transfer)  system.  Both  the  supply  ship 

and  the  receiving  ship  must  have  the  equipment. 
The  FAST  system  compensates  for  roll,  pitch, 
and  station  alignment,  It  increases  the  missile 
transfer  speed,  and  is  able  to  handle  the  largest 
missiles  expeditiously  and  safely.  It  is  planned 
to  equip  all  ammunition  supply  ships  :AEsJ  with 

the  FAST  system. 


NAVY  TACTICAL  DATA  SYSTEM  (JNTDS) 


The  Navy  Tactical  Data  System  [NTDSJ  waa 
planned  to  provide  more  accurate  target  infor¬ 
mation  to  a  task  group.  Six  ships  are  now 
equipped  with  NTDS;  current  plans  call  for  all 
major  U.S.  warships  to  be  fitted  with  it.  Future 
plan?  may  extend  it  to  smaller  ships.  It  is  a 
system  for  automatically  and  rapidly  diasemi™ 
sating  among  all  the  NTD3- equipped  ships  iu 
the  data- gathering  area  such  information  as  air¬ 


craft  early 


positions  and  irlnniities  of 


all  aircraft,  surface  ships,  and  submarines;  and 
command  decisions. 

Own  ship  target  data 


he red  by  search 


radars  and  the  fire  control  system  are  stored 
and  processed  at  high  speed  by  one  or  more 

computers  and  displayed  on  a  target 
evaluation  and  weapon  assignment  console.  The 
processed  data  are  transmitted  to  nil  the  other 


NTDS-eqitippocE  ships  in  the  area. 


Targets 
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detected  by  a  screening  ship,  for  example,  are 
automatically  transmitted  and  displayed  on  other 
ships"  consoles,  with  provision  for  target  sorting 
to  avoid  duplication. 

The  existing  NTDS  network  is  basically  a 
surface  operation,  with  airborne  data  link,  but 
U  does  not  now  include  a  direct  tie-in  with 
submarines* 

NTDS  equipment  includes  up  to  four  Univac 
U SQ-  2  0  sto  r  cd-  p  rag  ra  m  ge fie  r al  -  par p o  s  e  dig  ital 
computers  aboard  each  ship;  CVA's  carry  four; 
DLGJs  carry  two.  Each  ship  also  carries  Ircuu 
four  to  £5  displays  which  arc  direct-  view  cathode 
ray  tubes  (CRT's)  and  are  used  for  on -line 
digital  computer  informal  ion  from  ‘he  computers 
and  for  radar- derived  data. 

In  excerci  aes  with  NTDS  aboard  carriers,  the 
system  was  able  to  handle  any  number  of  tar¬ 
gets,  beyond  the  saturation  point  of  conventional 
C1C  equipment*  In  simulated  raids  with  large 
numbers  of  aircraft,  NTDS  could  track  all  the 
targets* 

The  airborne  portion  of  NTDS  is  carried 
aboard  E2A  aircraft*  Some  success  has  been 
achieved  with  it  in  over-water  flights  but  tech¬ 
nical  problems  remain  in  developing  a  radar 
that  en h  pick  Out  moving  target^  over  a  land 
mass  background  (clutter  and  other  radar  inter¬ 
fered  co )* 


SUBMARINE  MISSILE  SYSTEMS 
GENERAL 


Undoubtedly ,  the  most  feared  and  respected 
retaliatory  weapon  in  our  present  arsenal  is 
the  powerful  and  deadly  accurate  Polaris  mis¬ 
sile  as  carried  by  our  nuclear-powered  ballis¬ 
tic  submarines  (SSBNsJ*  Another  submarine 
missile  system  being  developed  for  defense 
against  enemy  submarines  is  nearing  ope  ra¬ 
tional  status*  This  system,  Sub  roc ,  will  even¬ 


tually  be  installed  in  most  of  our  submarines, 
both  conventional  and  nuclear- powered  types. 

Polaris  and  Subroc  were  briefly  described 
in  chapter  1.  In  this  chapter  we  will,  within 
Ule  limitations  imposed  by  classification,  give 


you  a  fuller  look  at  each  of  them. 


MAKEUP  OF  A  SUBMARINE 
MISSILE  SYSTEM 


hour  major  subsystems  make  up  the  guided 

missile  submarine  system.  These  are:  the 


missile;  missile  guidance  equipment;  the  sub¬ 
marine;  and  missile  stowage  and  launching 


systems. 

To  ensure  a  successful  flight  of  our  first 
subsystem,  the  missile  itself,  a  reliable  guid¬ 
ance  system  must  be  employed.  The  principles 

ol  the  various  missile  guidance  system  were 
explained  earlier  in  this  book.  The  type  of 
guidance  used  depends  on  such  things  as  desired 
accuracy,  cost,  simpi  Icily,  reliability,  and  prob¬ 


able  countermeasures.  Guidance 


selection,  al¬ 


though  it  has  a  direct  bearing  On  the  design 
and  operation  of  ihc  missile  system,  is  beyond 
the  scope  of  this  chapter.  This  chapter  will 
deal  primarily  With  the  fundamentals  of  the 
submarine  missile  system  that  are  common 
to  all  guidance  techniques. 


The  third  subsystem,  the  submarine  Itself, 
provides  a  launching  platform,  basic  services, 
fuel,  and  other  logistic  support  functions.  Also 
Included,  on  the  submarine  are  a  navigational 
system,  and  missile  fire  control  equipment* 

The  launching  of  missiles  toward  targets 
miles  away  can  be  compared  to  a  very  long- 
range  gunfire  problem.  The  submarine  will 
uauallv  have  nc  direct  observation  of  the  far- 

La 

get,  or  of  a  known  geographical  reference* 
But  the  position  of  the  guiding  craft  must  be 
fixed  with  extreme  accuracy.  Location,  head¬ 
ing,  ground  speed,  and  other  reference  data, 
all  have  an  effect  on  the  CEP  (Circular  Prob¬ 
able  Error)  of  the  missile* 

The  SINS  system  (ships  inertial  navigation 
system)  is  presently  the  most  sophisticated 
of  the  navigational  systems  now  installed  on 
missile  submarines.  The  heart  of  SINS  is  an 
inertial  guidance  package  based  on  the  prin¬ 
ciples  of  inertial  guidance  explained  in  pre¬ 
ceding  chapters.  Included  Within  SINS  are 
numerous  gyrr.s  and  accelerometers  whose 
function  if  is  lo  generate  the  submarined 

position  and  speed,  and  to  establish  true  north 
and  a  vertical  reference*  SINS,  then,  acts  like 
a  dead  reckoning  comput  er/anal  yzer  whoso 
function  it  is  to  provide  continuous  and  ex- 

t ix in i :  1  y  accurate  navigational  and  reference 
data*  It  also  has  the  ability  to  weigh,  analyze- , 
and  make  corrections  to  its  dead  reckoning 
solution  based  on  optical  and  electronic  navi¬ 
gational  inputs* 


In  addition  to  the  navigational  system,  a  fire 

control  system  is  included  on  the  submarine* 
The  function  of  the  fire  control  system  is  to 
transfer  reference  information  to  the  missile,, 
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and  to  control  and  monitor  the  missile  during 
preflight  checks. 

The  last  subsystem  to  be  considered  is  for 
MISSILE  STOWAGE  AND  LAUNCHING,  Figure 
11—13  sketches  the  interior  of  3  Polaris  sub¬ 
marine  and  shows  arrangement  of  the  missile!?. 
The  handling  equipments  and  launcher  com¬ 
ponents  are  in  the  same  area. 


nature,  vulnerability,  size,  and  location.  With 
strategic  targets,  these  factors  are  evaluated 
well  in  advance  of  the  mission.  Tactical  Targets 
require  i  aster  mi  Sitary  decisions.  Roth  plan¬ 
ning  estimates,  however,  are  usually  accomp¬ 
lished  on  a  much  higher  planning  level  than  the 

launching  ship. 

Flight  Planning 


THE  UNDERWATER  PROBLEM 


Target  Considerations 


Because  of  the  high  unit  value  of  subir.anne- 
launched  UGM  and  UUM  missiles,  certain  Jar- 
tors  musf  be  considered,  such  as  the  im¬ 
portance  of  the  target  to  die  enemy,  and  target 


In  addition  to  the  target  considerations, 
additional  planning  must  be  given  to  the  flight 
plan  of  the  missile.  Thus,  whereas  the  missile 
■would  be  most  likely  to  remain  undetected  at 
very  low  altitudes,  the  range  to  the  target  may 
prohibit  such  employment.  Intelligence  and  the 
immediate  tactical  situation  also  play  an  im¬ 
portant  part  in  missile  flight  plaiming, 
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POLARIS  MISSILE  SYSTEM 

The  Polaris  (LTGM)  is  a  2- stage  surface- 
to-surface  or  underwater -to- surface  inertial  ly 
guided  ballistic  missile  with  an  approximate 
range  of  2500  nautical  miles  (Polaris  A3}.  The 
earlier  A  l  and  A  2  Polar  is  missiles  had  some¬ 
what  Lesser  ranges.  The  PoJaris  is  designed  to 
he  launched  from  a  submarine  cruising  on  or 
below  the  surface-  The  two  powerful,  &olid- 
propellant  rocket  motors  are  capable  of  lifting 

the  warhead  high  above  the  range  of  any  known 
anti-missile  missile  at  a  speed  exceeding  ten 

time#  that  of  sound,  and  placing  it  into  a  free- 
fall  trajectory  which  will  carry  it  ro  its  target 
with  deadly  accuracy.  The  warhead  of  the 

Polaris  is  a  compact  and  powerful  nuclear 
device.  The  explosive  power  U  one  shipload 
of  sixteen  missiles  exceeds  the  total  amount  oi 
explosive  power  expended  by  all  of  the  par¬ 
ticipating  countries  in  World  War  Kf  INCLUD¬ 
ING  the  two  atomic  bombs  dropped  on  Japan. 

In  a  submerged  launch,  ignition  of  the  fir  at 

stage  rocket  takes  place  shortly  alter  the  missile 
breaks  the  surface  of  the  SCft  Tig.  11-14),  This 
is  the  beginning  of  powered 'flight  and  the  inertial 
guidance  portion  of  the  trajectory.  The  first 
stage  propels  the  missile  far  into  the  at¬ 
mosphere.  The  first  stage  then  separates  and 


the  second  stage  rocket  motor  continues  to  pro¬ 
pel  the  missile  to  a  point  above  the  earth’s 
atmosphere,  When  -he  missile  hag  reach  ext  the 
proper  velocity  and  point  on  the  trajectory,  the 

reentry  subsystem  separates  aivd  the  warhead 
follows  a  ballistic  trajectory  to  the  target. 

The  time  of  reentry  subsystem  separation  de¬ 
termines  the  range  which  the  missile  warhead 
will  span.  Polar  Is  range  can  be  varied  in  this 
way  from  about  5^5  ’o  about  2500 nautical  miles. 

Since  titer?  are  ng  external  control  surf  aces 

on  Polaris,  changes  in  the  trajectory  are  ac¬ 
complished  by  deflecting  the  jet  stream  from 
its  motors.  A  pre- computed  ileal  trajectory 

is  preset  into-  the  missile.  The  preset  In¬ 
fer  mat  ion  takes  into  account  the  movements  of 

the  target,  the  launching  point,  and  the  missile 

with  respect  to  inertial  space  during  the  time 
of  flight,  The  warhead  release  velocity  which 

the  missile  must  attain  alo:ig  its  trajectory  on 
the  basis  oi  a  fixed  time  of  flight  is  also  preset , 
The  launching  submarine  accurately  determines 
Its  launching  position  by  use  of  an  inertial 
navigation  System,  and  the  position  of  the  target, 
on  the  earth’s  surface  is  deter  mined  by  reliable 
charts.  While  in  the  power  stage  of  flight,  the 
mis  silt  continuously  measures  its  linear  ac¬ 
celerations  on  the  basis  of  its  inertial  system 
and  alters  its  trajectory  to  offset  the  outside 
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Figure  11-14.—  Polaris  trajectory  {not  to  scale  J 
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forces  causing  uawnted  a cc-ele ration s*  When  SUHROC  MISSILE  SYSTEM 
the  missile  is  on  a  proper  trajectory  and  a  cor¬ 


rect  velocity  has  been  attained,  the  warhead  in 

released  and  proceeds  On  toward  the  target  with 
no  further  correction  possible. 

The  warhead  dives  on  its  target  at  a  steep 
antfle  and  at  several  times  the  speed  of  sound. 
The  materials  for  the  outer  surface  of  the 
warhead  have  been  specially  developed  to  resist 
the  high  temperatures  generated  by  friction  with 

the  atmosphere  at  reentry  speeds,  and  suitable 
insulation  is  provided  between  the  Outer  skin  and 

the  internal  components  to  prevent  damage  to 

the  warhead.. 


Subroe  (UtJMJ  is  an  underwater -to -air- to- 
under water  missile  designed  to  destroy  enemy 

submarines  at  long  range.  The  missile  consists 
essentially  of  a  depth  bomb  and  a  rochet  motor 
joined  together.  Either  a  nuclear  or  a  conven- 


depth  bomb  warhead  can  be 

The  launching  submarine  carries 

ment  lor  detecting  and  tracking  the  enemy  sub¬ 
marine,  the  fire  control  equipment  for  comput¬ 
ing  the  target  information  and  providing  tile 
necessary  pre-launch  missile  information,  and 
the  equipment  for  launching  the  missile.  The 
The  SSBNs  from  which  the  Polaris  is  fired  missilp  is  designed  to  be  launched  ■fig*  11-1&) 


provide  a  mobile  launching  platform  which  is  ex 


from  a  standard  submarine  torpedo  tube  usin^ 


t  remely  difficult  to  detect*  It  can  remain  sub-  conventional  ejection  methods*  Upon  being 

merged  for  very  long  periods  of  time  and  cruise  launched t  the  rocket  motor  is  ignited  at  a  safe 

to  must  any  position  within  the  oceans  oi  the  distance  from  the  firing  ship.  The  missile's 

world,  By  use  of  its  inertial  navigation  system*  flight  through  the  air  is  controlled  by  an  inertial 

it  can  provide  the  precise  fire  control  data  guidance  system  which  functions  in  accordance 


required  to  place  Polaris  right  on  target 


with  the  fire  control  information  set  in  prior 


Figure  11-15*—  Subi-oc  launching  from  a  submarine. 
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to  launch,.  In  addition  to  providing  the  propul¬ 
sive  force  for  the  missile,  the  rCCket  motor  fur¬ 
nishes  power  Jor  controlling  the  thrust  veetOr- 


3.  the  aircraft,  and 

4.  the  missile  guidance  equipment. 

The  Sparrow  I  missile  is  a  beam  rider.  It 


ing  mechanism  during  the  boost  phase*  and  the  includes  A  warhead,  an  influence  fuze*  a  guidance 

thrust  reversal  necessary  to  accomplish  rocket  and  control  section,  power  supplies,  and  a  rocket 

motor  .separation*  At  the  proper  point  In  its  motor.  Sparrow  l  was  the  nation's  first,  air- to- 

trnjectory,  ifte  rocket  motor  separates  and  the  air  guided  missile,  and  is  much  less  sophistic 

missile  continues  in  a  free-fall  flight*  At  the  eated  in  guidance  principles  than  its  more  recent 

time  of  separation,  the  control  of  the  missile  is  sister,  the  Sparrow  in.  Spa  r  row  I  is  an  optically 

switched  from  the  (hrust  vectoring  mechanism  sighted  beam  rider,  while  Sparrow  III  is  fully 

to  aerofins.  During  the  ballistic  portion  of  the  radar  operated.  Both  missiles  fulfill  the  design 

flight,  the  acrofins  control  the  missile  in  roll  requisite  of  having  a  high  single -shot  probability 

atLd  azimuth „  Pitch  guidance  is  initiated  at,  of  kill  and  a  range  longer  than  can  be  achieved 

or  near,  the  zenith  of  the  trajectory  t:o  direct  with  conventional  A  A  guns.  Up  to  four  Sparrow 

the  missile  to  the  desired  point  of  impact  on  the  missiles  are  carried  on  appropriately  con- 


water  surface.  Guidance  is  terminated  at  a 


aircraft, 


Missile  aircraft  can  also 


predetermined  height  above  the  water,  and  the  carry  mixed  loads  of  Sparrow  and  Sidewinder 

nerofins  are  locked  in  the  aero  position  to  missiles  (fig*  11-1G). 


provide  for  proper  underwater  travel. 


At 


Additional  data  concerning  specific  airborne 


water  impact*  a  timer  mechanism  starts  and  missiles  is  contained  In  chapter  1,  and  in  Use 

causes  the  warhead  to  detonate  at  the  proper  confidential  course  supplementing  this  text* 
time.  The  AIRCRAFT  CARRIER  for  land  base) 

More  detailed  information  on  both  Sub  roc  is  needed  to  provide  operational  and  logistic 
and  Polaris  can  be  found  in  the  appropriate  support  for  the  missile  and  missile  aircraft. 

Classified  publications* 


AIRCRAFT  MISSILE  SYSTEMS 


G3NERAI 


Test  equipment,  training  facilities,  and  pro¬ 
visions  for  handling  and  stowage  are  included 

on  the  mobile  ba.se.  Additionally,  as  integral 

parts  of  the  system*  are  the  fighter  director 

facilities  which  must  direct  the  missile  aircraft 
Eq  the  Vicinity  of  the  target.  Maintenance  of  the 
missile  Is  on  a  ,rGo- No-Go’1  basis*  as  is  the 
practice  with  many  other  operational  missiles. 
That  is,  missiles  which  do  not  pass  surveil- 


There  arc  two  broad  classifications  of  air¬ 
craft  missile  systems:  atr-io-air  and  air-to- 
fround.  The  Sidewinder  and  Sparrow  families 
are  examples  ol  AIM  systems,  Bulipup  is  an  lance  or  preflight  tests  are  rejected*  and  de- 
example  of  a  Navy  AGM  system.  Figures  11- 16  fective  sections  are  returned  to  centralized 

arid  11-17  are  pictures  of  Hie  Sparruw,  Side-  maintenance  facilities  for  repair  or  overhaul* 

winder,  and  Bulipup  missiles  on  appropriately 
configured  aircraft* 


system  speeds  up  acceptance  testing*  and 
eliminates  the  widespread  need  for  extensive 


The  Sparrow  family  is  a  typical  aircraft  maintenance  facilities. 


missile  system.  The  student  will  recall  that 


The  missile  AIRCRAFT  is  of  course-  the  de 


there  are  three  major  missiles  in  the  Sparrow  livery  vehicle.  Aircraft  configured  to  carry 
family.  Sparrow  II  will  not  become  operational  and  launch  radar- guided  missiles  must  carry 
in  the  U.  S*  Navy,  Sparrow  III,  while  in  many  extensive  electronic  equipment  for  missile  guid- 
respects  greatly  different  from  Sparrow  I,  has  ante.  Other  equipment  to  aid  in  target  ac- 
the  same  general  characteristics  such  as  Length,  qufsltioil,  and  to  furnish  f  'course- to- steer” 


weight*  and  configuration* 


and 


J  i 


in-rangeJJ  information,  may  also  be  in- 


THE  AIRCRAFT  (SPARROW] 

MISSILE  SYSTEM 


eluded  on  the  aircraft  as  part  of  the  missile 
system. 

The  last  subsystem  is  that  of  the  MISSILE 

GUIDANCE  EQUIPMENT.  The  principal  fUnc- 
J'here  are  four  major  subsystems  that  can  tion  of  this  equip ment  is  to  determine  the  dis¬ 
til-  considered  to  make  up  the  sparrow  missile  placement  of  the  missile  from  the  tracking  radar 

system:  These  are: 

1,  the  missile, 

3*  the  aircraft  carrier  (or  land  base)* 


beam,  and  to  send  the  necessary  control  informa¬ 
tion  to  the  missile  so  that  the  missile  will  fly  the 
beam. 
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THE  AIR- TO- AIR  MISSILE  PROBLEM 

To  illustrate  the  AIM  missile  problem d  let 
a  a  rake  the-  classic  example  of  an  a  ire  raft  car¬ 
rier  providing'  air  cover  for  a  task  force  at 

sea,  Gur  missile  aircraft  will  be  alerted  to 
Che  presence  of  enemy  aircraft  b>  chi  f 0 r i:  i 
tighter  director  organization*  The  ms  ssile 
aircraft  will  bo  vectored  to  the  general  vicinity 
of  the  enemy,  inhere  it  will  be  in  a.  position  to 
acquire  the  target.  For  the  mission  to  be  fully 

successful,  the  attackers  must  be  intercepted 
and  destroyed  before  the"  are  in  position  to 
delivery  an  attack  with  their  weapons.  Upon 
acquiring  the  target,  a  proper  pursuit  course 

is  then  followed  until  firing  range  is  reached. 
When  within  range,  the  missile  is  fired  and  is 
captured  by  the  guidance  radar  beam.  The  mis¬ 
sile  then  follows  the  guidance  beam  until  within 
destructive  range  of  the  target,  where  an  in¬ 
fluence  fuze  will  detonate  the  warhead.  The  above 
description  is  or  the  haste  aim  beam-rider  sys¬ 


tem,  The  more;  sophisticated  the  missile  system 
become  a,  the  more  automatic  the  various  steps 
became,  fhe  earliest  AIM  missiles  required 


visual  contact  and  mental  computations,  whereas 
the  latest  systems  perform  most  of  the  steps 
automatically. 
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PART  II.  -  NUCLEAR  WEAPONS 

CHAPTER  12 

FUNDAMENTALS  OF  NUCLEAR  PHYSICS 


INTRODUCTION 


There  are  some  entirely  new  technological 
principles  involved  in  nuclear  weapon^  as  com¬ 
pared  with  conventional  weapons*  In  the  case  rb 

conventional  explosives,  energy  is  released 


through  chemical  reactions;  i.e„,  rearrange¬ 
ment  of  the  atoms  of  the  explosive  substance. 

In  the  nuclear  explosion,  energy  is  produced  as 
a  result  of  the  formation  of  different  atomic 
nuclei,  by  the  redistribution  of  the  protons  and 
neutrons  Inside  the  atom  itself*  What  is  com¬ 


monly  referred  to  as  a  tonne  energy  is  really 
nuclear  energy ,  since  it  results  from  nuclear 
interactions,  for  this  reason  atomic  weapons 


now  preferably  called  nuclear  weapons. 


SC  O  P  f : 


This  chapter  will  cover  those  aspects  of 
physics  that  pertain  to  the  structure  of  the 
atom,  the  nature  of  Its  component  parts,  and 
the  predictable1  behavior  of  the  several  atomic 
components.  It  will  also  cover  very  briefly 
l he  means  man  has  developed,  or  is  now  de¬ 
veloping,  for  the  liberal  Lon  of  the  energy  avail¬ 


able  inside  the  nucleus  of  the  atom. 

Within  the  limits  allowed  by  security  re¬ 
strictions,  subsequent  chapters  will  trace  the 
uses  of  nuclear  energy  In  naval  weapons. 


ATOMIC  RESEARCH  PRECEDING 
THE  BOMB 


By  1939,  a  number  of  scientists  had  theo¬ 
rized  that  an  atomic  bomb  for  military  uses 
wag  a  possibility.  Nuclear  reactions  had  been 
studied:  extensively  during  the  previous  ten 
years.  These  studies  had  been  done  on  only  a 
small  scale  because  of  the  scarcity  of  radio¬ 


active  materials. 

By  1940,  it  was  discovered  that  three  radio¬ 
active  elements— uranium,  th  nrium ,  and 


protactinium— were  sometimes  split  into  two 
approximately  equal  parts  when  bombarded  by 
neutrons,  but  that  only  uranium  235  could  he 
split  or  fissioned  by  slow  .thermal)  neutrons. 
It  was  also  discovered  that  during  this  process 

from  1  to  3  more  neutrons  were  released, 
making  the  multiplying  chain  reaction  a  distinct 

possibility. 

In  1942  a  special  government  project,  called 
th e  Martha tt an  Etig l n ee r  D istric i,  wa s  e stabli shed 
in.  the  Army  Corps  of  Engineers.  Scientists 
from  various  universities  working  on  this  proj¬ 
ect  gathered  at  the  University  of  Chicago  to 
build  a  self-sustaining  chain- reacting  pile  Ha 
determine  for  sure  If  an  atomic  bomb  was. 

feasible. 

The  pile  was  const  runted  on  a  lattice  prin¬ 
ciple,  with  graphite  bricks  as  a  moderator  it 
slow  the  neutrons,  and  with  uranium  placed 


at  intervals  as  die  reacting  material. 


Re¬ 


cording  instruments  at  various  points  inside 
and  outside  the  pile  gave  an  Indication  of  neu¬ 


tron  intensity. 


Movable  rods  of  neutron  ab¬ 


sorbing  material  were  placed  at  intervals  in¬ 
side  the  pile  during  construction  for  safety  anil 
control*  It  was  fortunate  these  strips  were  used 
in  this  manner,  as  the  pile  reached  a  critics; 
condition  at  a  much  earlier  stage  of  construc¬ 


tion  than  was  anticipated 


On  December  2. 


1942,  all  was  in  readiness  to  find  out  if  the 
previous  predictions  were  true.  All  but  one 
control  rod  was  removed  from  the  pile;  thentha 
last  rod  was  slowly  removed.  The  prediction; 
proved  to  be  correct;  the  pile  was  maintaining 

a  nuclear  chain  reaction.  j 

Much  work  was  done  in  the  following  thref 


years;  and  in  1945.  this  work  produced,  on  th: 
floor  of  the  New  Mexico  desert,  the  first  ex¬ 
plosion  of  an  atom  bomb.  A  lew  weeks  late! 
two  bombs  were  dropped  over  Japan,  ending  tftf 
war  and  beginning  a  new  era  in  warfare, 
As  every  reader  q£  this  text  is  undoubted!’ 
aware,  the  military  aailndiatrlalusesof atomic 
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energy  have  become  a  major  concern  of  the 
litii-cd  States,  its  allies,  and  Its  potential 
enemies.  Much  military  thinking  has  been 
revised,  and  much  more  is  in  the  process  of 
revision.  Regardless  of  his  specialty,  no 
military  man  can  afford  to  ignore  the  atom* 
These  chapters  are  intended  to  prepare  pros¬ 
pective  naval  officers  for  ftirther  study  of  Oils 

subject. 


OR.J  EC  T  L  V  EM 


This  chapter  ’will  take  up,  first,  the  Euituri. 
of  matter.  It  will  begin  with  the  definitions  of 
Hie  component  parts  of  the  atoms  that  make  up 
matter.  The  interpretation  of  atomic  siruciure 
■will  be  covered,  although  the  major  emphasis 
will  be  on  the  atom  and  its  component  particles. 

The  second  major  division  of  the  chapter  will 
deal  with  radioactivity .  This  natural  phenomenon 
£ive  the  Scientists  some  of  their  most  signifi¬ 
cant  clues  in  learning  the  nature  of  the  atom. 
Because  of  its  bearing  on  health  and  safety, 
radioactivity  has  become  a  primary  concern 
for  Industrialists,  community  leaders,  and  the 
officers  and  men  of  the  Armed  Forces. 

The  ]fist  part  of  the  chapter  will  be  con¬ 


cerned 


nuclear  reactions.  These  re¬ 


actions  are  the  real  source  of  the  power 
is  commonly  called  nuclear  energy. 


THE  NATURE  OF  MATTER 


DEFINITIONS 


Man  has  long  wondered  about  the  nature  of 
matter.  With  the  advent  of  better  scientific 
methods,  man  has  discovered  the  natural  ele¬ 
ments  that  make  up  all  matter  in  nature. 

COMPOUNDS— Under  certain  c erudition s ,  t wo 
or  more  elements  can  be  combined  chemically 
tu  form  vlia t  is  called  a  compound.  The  resulting 
fiusb stance  may  differ  widely  from  any  of  its 

component  elements.  For  exam  pi  e>  water  is 
formed  from  two  gases,  hydrogen  and  oxygen, 
chemically  combined. 

Whenever  a  compound  is  formed,  two  or 
more  atoms  of  the  combining  elements  join 
chemically  into  what  Is  called  a  molecule,  A 
olecule  is  the  smallest  unit  that  shares  the 

chemical  characteristics  of  a  compound.  Water 
in  this  instance  consists  ol  one  atom  of  oxygen 
and  two  atoms  of  hydrogen* 
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ELEMENTS— Each  element  has  its  own  char¬ 
acteristics  and  its  own  characteristic  atoms. 
An  element  is  a  substance  which  cannot  be 
separated  into  simpler  flusbtancen  by  ordinary 
.  hemicnl  means.  There  a  re $£  natural  elements 


ranging  from  hydrogen,  the  lightest,  to  uranium, 
the  heaviest.  Several  others  have  been  pro¬ 
duced  artificially,  one  of  these-  being  plutonium. 
ATOMS— An  atom  is  the  smallest  unit  of  an 


element  that  possesses  the  chemical  chara  cter¬ 


istics  of  that  el  ement .  Sc  lent  1st  s  have  broken 
the  atom  down  Lo  three  fundamental  particles 
called  electrons,  protons,  and  neutrons. 

NUCLEUS— Protons  and  neutrons  make  up 
the  centra]  part  of  the  atom;  electrons  move  in 
orbits  around  tins  central  core.  This  central 
core  of  the  atom  is  called  the  nucleus.  Most 
of  the  weight  of  the  atom  is  in  the  nucleus. 

ATOMIC  WEIGHT— Since  the  atom  is  very 
small,  it  Is  difficult  tc  state  the  mass  of  an 
atom  because  the  COmniun  units  ol  mass  are 
too  large.  For  this  purpose  a  new  unit  was 
defined:  the  atomic  mass  unit  (amu),  Chem¬ 
ists  found  that  the  oxygen  atom  is  approximately 
16  times  as  heavy  as th e hyd rogen  at om .  There¬ 
in  re,  oxygen  was  assigned  the  arbitrary  figure 
of  16,00000  atomic  mass  units.  The  masses  of 
other  atoms  were  then  determined  by  comparing 
them  to  oxygen  16.  For  example,  uranium  235 

was  assigned  the  figure  235.11750  atomic  mass 
units. 


Since  one  a  mu  is  defined  as  1/16  the  mass 
of  the  oxygen  atom,  the  mass  in  grams  cor¬ 
responding  to  one  atomic  mass  unit  is  ap¬ 
proximately  1*66  k  10"  24  grams., 

The  must  convenient  unit  for  describing 
the  energy  of  atomic  or  nuclear  systems  i3  the 
electron  volt,  abbreviated  ev.  One  ev  is  the 
energy  which  an  electron  will  pick  up  in  ac¬ 
celerating  through  an  electric  field  of  one  volt 
potential.  One  ev  is  equal  to  l.p  x  10“^  ergsi 
The  unit  M e v  (million  electron  Yalta)  is  also 
used.  Since  one  Mcv-1.6  x  ICr1®  ergs,  one 
amu  (1.66  x  io--'1  grams),  converted  to  energy 
m  accordance  ulth  the  formula  E  -  tuc^  would 
correspond  to  931  llev* 


At  o  tu  ic  T abl  e 


Figure  12-1  is  a  standard  table  of  the  ele¬ 
ments  called  tlie  periodic  table.  The  atoms  are 
n rouped  according  to  the  number  of  electron* in 
their  outer  shells.  When  successive  elements 
arc  built  up  by  the  addition  of  outer  electrons, 
there  are  fairly  sharp  changes  in  chemical 
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Figure  I  2- 1  .—Periodic  table  of  the  elements* 


properties  from  element  to  element*  (Bui  in  reasonably  suppose  that  the  atoms 


which 


the  rare  earth  series  at  the  bottom  of  the  matter  is  composed  are  electrically  neutral. 


table,  this  is  not  true.  These  successive  cle 


that  is,  they 


contain  no  net  ehsr^e, 


ments  are  built  up  by  the  addition  of  electrons  normally  contain  exactly  as  many  electrons 


in  the  inner  shells,) 


mo vina  in  shells  around  the  nucleus  as 


are  protons  in  (be  nucleus.  Neutrons,  having 


ATOMIC  STRUCT  LTRE 


no  charge,  do  not  affect  the  chemical  nature  ol 


the  atom*  It  is  the  number  of  protons  in  tbi 


nucleus  that  determines  the  element  to 


The  Nucleus  and  Electrons 


an  atom  belongs.  For  an  example,  hydrogen 


The  atom  is  composed  ola  positively  charged 


has  one  proton  and  one 


electron.  Helhm 


two  protons  and  two  electrons,  increasing 


central  mass  called  the  NUCLEUS.  This  mass 


each  heavier  atom,  until  we  come  to  the  les! 


is  made  up  of  protons,  which  have  a  positive  natural  element,  ur aniu ra#  which  has  92  protons 


change,  and  neutrons,  which  have  no  charge,  and  92  electrons. 


Around  the  nucleus,  but  at  quite  a  distance  from 


are  electron.?  which  move  in  Orbit S  Or  Electron  Shells 


SHELLS,  These  electrons  have  a  negative 


charge*  Since  the  proton  is  charged  positively 


The  electrons  are  not  distributed  at  r  an  dad 


and  the  electron  is 


negatively  j  we  can  about  the  nucleus,  but  exist  in  arrange  men?; 
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which  follow  definite  laws.  Figure  13-2  shows 
an  atom  of  oxygen  with  8  protons,  S  neutrons, 
md  £  electrons*  Two  of  these  electrons  are  in 
the  shell  next  to  the  nucleus.  No  more  than  two 
Electrons  may  be  present  in  avis  shell,  tto  matter 
what  atom  is  under  consideration.  If  □  nucleus 
this  more  than  two  protons,  electrons  in  excess 
of  two  lie  in  shells  outside  the  first  one.  These 
shells  are  normally  designated  by  capital  let¬ 
ters,  the  first  one  being  K,  the  second,  K,  the 
third,  M#  etc* 


12-3.)  Atoms  with  outer  shells  completely 
filled  will  not  Unite  to  form  a  molecule;  for  this 
reason  some  elements  cannot  be  combined  chem¬ 
ically* 

We  have  stated  that  the  chemical  prop  eft  tea 
of  an  atom  are  determined  by  the  electrons, 
The  chemical  identity  of  an  atom  is  determined: 


by  the  number  of  protons,  or  positive  charges, 
in  its  nucleus.  Hydrogen  is  hydrogen  because 
its  nucleus  contains  one  proton;  uranium  is 
uranium  because  its  nucleus  contains  ft 2  protona* 


Chemical  Implications 


Electrical  Implications 


The  electron  structure  of  an  atom  determines 
its  chemical  properties,  So  far  we  have  dis¬ 
cussed  the  K  shell.  To  fill  the  L  shell,  8  elec¬ 
trons  are  required.  Look  again  at  figure  12-2* 

The  oxygen  atom  has  8  protons,  8  neutrons, 
and  S  electrons.  Two  of  these  electrons  are 
in  the  K  shell*  This  leaves  6  in  the  L  shell, 
which  can  hold  B,  In  order  to  flit  the  L  shell 
arid  make  it  complete,  two  more  electrons  are 
needed.  For  this  reason  the  oxygen  atom 
combines  readily  with  two  hydrogen  atoms  to 
form  a  chemical  compound— water*  (See  figure 


Becauge  electrons  are  Very  small,  and  move 
in  orbits  at  relatively  great  distances  from  the 
nucleus,  an  atom  ig  mostly  em 
12-4),  An  atom  is  about  IQ*®  cm  in  diameter. 
(This  figure  refers  to  the  diameter  of  the  outer 
electron  orbits.)  A  nucleus  is  about  10"^  cm 
in  diameter. 


pty  space  {fig. 


Since  the  electron  is  so  far  from  the  nucleus, 
a n  atom  can  lose  an  outer  electron  under  cer¬ 
tain  conditions*  These  free  Or  stray  electrons, 
having  a  negative  charge,  usually  seek  an  atom 
with  a  vacant  space  in  its  outer  shell* 


O  I  ELECTWOM 

5  1  pRO-cr-.  i'J  mjc.  rut 


HYOROGEM 


DQOOOOQQ 

*4  +  ++  ++  + 

oooooooo 

90000940 


Q  r-i  r-j — ran*  q  ^  IN 

U  fcLfcUHUH5>  6  IN  OUTER  SHELL 

8  fwtons  in  nucleus 

e  NEUTRONS  IN  NUCLEUS 


Figure  12- 2. -Electron  relationship  of  atoms. 
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Figure  12-3,-  -  molecule  is  formed  by  a 

union  of  outer  shells. 


shells  aromtf  the  nucleus.  This  nu mber  is  the 

ATOMIC  NUMBER,  or  SYMBOL  Z,  The  next 
characteristic  is  the  number  of  NUCLEONS 
(sura  of  protons  and  neutrons)  in  the  nucleus; 
this  is  called  the  ATOMIC  MASS  NUMBER,  or 
SYMBOL  A.  The  .standard  notation  takes  the 

following  form:  with  X  repreieutfcng  the 

symbol  of  the  element  to  which  the  atom  belongs, 

BBi 

Z  the  atomic  number,  and  A  the  atomic  mass 
number.  Using  this  notation,  any  atom  can  be 
easily  described.  For  example,  92235  ss  an 
atom  with  92  protons  (symbol  U  for  uraniuml, 
92  electrons  in  shells  around  the  nucleus,  and 

A  total  of  235  nucleons  in  the  nucleus,.  Since 
of  the  nucleons  are  protons,  this  leaves  143 
neutrons  in  this  particular  atom. 


ISOTOPES 


Isotopes  are  defined  as  atoms  of  the  same  ele¬ 
ment,  but  different  atomic  mass  numbers.  Hy¬ 
drogen  has  three  isotopes.  The  most  abundant 
isotope  of  hydrogen  has  one  proton  and  no 


When  an  atom  lose  a  or  gains  an  electron, 
the  electrical  balance  of  the  atom  is  cl  tanged*  It 
is  said  to  be  IONIZED.  When  an  atom  loses  an 
electron  it  becomes  a  POSIT [VE  ION,  When  tt 
gains  an  electron  it  become s  a  NEGATIVE  10 N. 
The  product  of  an  ionizing  event  is  usually  an 
Ion  pair  of  equal  and  Opposite  charge. 

Ionisation  does  not  alter  the  nucleus,  a:id 
therefore  does  not  change  one  element  to  an¬ 
other.  As  soon  as  conditions  permit,  an  ionized 
particle  reverts  to  its  balanced  or  electrically 
neutral  state. 

Through  excitation  an  electron  can  jump 
from  one  shell  to  the  next.  In  this  process  a 
small  amount  of  electro  mag  net  ic  energy  ;s 
given  off;  this  energy  is  Called  a  PHOTON, 


N  UC  L  E A  R  SY  M  B  OL  S 


Before  the  discovery  of  the  neutron,  scien¬ 
tists  Identified  the  atom  by  one  or  twu  letter 
symbols  representing  its  chemical  name.  For 
example,  H  was  for  hydrogen,  He  for  helium, 
etc.  This  is  know  as  SYMBOL  X,  In  order 
to  discuss  the  elements  and  atoms  simply,,  3 
notations  l  form  is  ndw  used,  it  is  based  on  the 

primary  characteristics  of  the  atom.  The  first 

of  these  characteristics  is  die  number  of 
protons  in  the  nucleus,  which  in  a  neutral  atom 
is.  the  same  as  the  number  of  electrons  in  the 
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Figure  12-4 .—  Typical  simple  atom 
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neutron,  as  shown  in  figure  12-2.  Another  iso¬ 
tope  of  hydrogen,  called  deuterium*  has  one 
proton  and  one  neutron.  The  third  isotope, 
tritium,  has  one  proton  and  two  neutrons-.  (See 
figure  12-5.) 

Another  term  which  is  sometimes  important, 
and  which  yon  should  not  confuse  with  the  iso¬ 
tope,  is  the  isobar.  Isobars  are  defined  as 
different  elements  with  the  same  atomic  mass 

number,  tor  example,  tritium  and  helium  3, 

which  are  shown  as:  and  ^He*. 

Isotopes  will  he  mentioned  frequently  in 
later  parts  of  this  chapter  and  beck. 

OTHER  NUCLEAR  PARTICLES 

Scientists  loynd  in  certain  uranium  salts  a 

curious  phenomenon  that  caused  exposure  of 
photographic  plates,  although  the  plates  had 
tiuun  shielded  from  light.  This  phenomenon 
was  called  RADIATION,  and  it  emanated  from 
the  nucleus.  Later,  work  was  done  using 
electric  and  magnetic  fields  to  deflect  this 
radiation*  in  this  way  three  basic  types  of 
radiation  were  separated  and  identified  (fig. 
12-6).  One  type  could  not  be  deflected  by  a 
magnetic  or  electric  field.  This  was  called 
gamma  radiation.  Another  type  was  defier  ted 
slightly  and  appeared  to  be  positively  charged; 
this  was  called  alpha  radiation.  And  still  an¬ 
other  type  appeared  negative  in  charge,  with  a 
further  deflection*  This  type  wag  called  beta 
radiation.  Under  some  conditions  an  excited 
nucleus  emits  another  particle  of  the  same  mass 
as  an  electron,  but  with  a  positive  charge;  this 
is  a  poo  it  ron .  R  eme  mb  e  r  t  hut  all  of  th  o  radia¬ 
tions  Originate  in  the  nucleus  of  the  atom . 


These  different  types  of  radiation  are  emitted 
because  the  unstable  nuclei  are  trying  to  reach 
stability.  These  nuclei  can  Attempt  to  reach 
stability  by  emitting  a  beta  particle,  an  alpha 
particle,  Jr  a  gamma  ray.  Different  types 
of  nuclei  will  have  their  own  characteristic 
mode  of  radioactive  decay.  Some  may  always 

emit  alpha  particles;  others  may  emit  beta, 
gamma,  or  other  particles. 

STABILITY 


It  has  long  been  known  that  the  more  protone 
a  nucleus  coni  a  ins,  the  more  neutrons  it  must 
have,  proportionately,  for  stability.  If  a  nu¬ 
cleus  contains  relatively  too  few  neutrons  it 
will  he  radioactive,  emitting  a  positron  when 
it  decays:  if  it  contains  too  many  neutrons  it  will 

again  be  radioactive,  emitting  this  time  a  beta 
particle  when  it  decays.  Stable  light  elements 
are  found  to  have  equal  numbers  of  protons 

and  neutrons,  but  the  heavier  elements  contain 
increasing  proportions  of  neutrons  to  protons. 
Thus,  stable  helium  4  has  two  protons  and  two 

neutrons  in  the  nucleus;  halfway  up  the  table  01 
elements  a  typical  nucleus— a  stable  isotope  Of 
silver— has  47  protons  and  60  neutrons,  a 
neutron-protron  ratio  of  1.28;  and,  at  the  top  of 
the  table,  uranium  235  has  92  protons  and  143 
neutrons,  a  neutron-proton  ratio  of  1.55. 

The  neutron- proton  ratio  is  important  to 
stability  because  of  the  slight  tendency  of  pro¬ 
tons  to  repel  each  other  even  though  bound  into 
a  nucleus  by  nuclear  forces.  Because  of  their 

■  .i  i  ■  ■  .  ii  ■  i  B  i  ■  i  ■  ■ 

charge,  the  protons  will  tend  to  separate  from 
one  another.  However,  because  of  saturation 
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Figure  12-5.— The  three  hydrogen  isotopes. 
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showing  three  types  of  radiation. 


and  spin  dependence  in  the  forces,  the  protons 
cannot  all  toe  on  the  nmol  gar  surface.  To  take 
up  nuclear  space,  then,  an  excess  of  neutrons 
will  be  required,  since  these  particles  will 
experience  no  charge  repulsion,  but  only  nuclear 
forces.  PTOtOns  On  opposite  sides  of  the 
nucleus  will  in  fact  experience  no  direct  nuclear 
force,  but  only  an  electrostatic  force.  How¬ 
ever,  they  are  bound  nu clearly  to  common 
intermediate  internal  nuc Icons,  and  so  the 
small  electric  repulsion  is  not  sufficient  to 
expel  them.  In  other  words,  since  the  binding 
force  of  a  nucleon  is  greater  than  the  electric 
repulsive  force,  the  nucleus  stays  together. 


When  there  are  too  many  protons  in  a  nu¬ 


cleus,  however,  the  nucleus  sene  rally  will  re- 


mam  bound,  but  it  may  be  that  a  Lower  energy 
srate  will  exist  for  an  isobar  (isobars  are  ele¬ 


ments  which  have  the  same  mass  numbers  but 
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Figure  12-0B, —Absorption  of  gamma  rays, 
showing  U)  photoelectric  effect;  (b)  Compton 
effect;  (c)  pair  product  ion. 


different  atomic  numbers).  In  each  case,  the 
proton  finds  it  desirable  to  change  identity, 
becoming  a  neutron,  and  kicking  off  its  charge 
in  the  torm  of  a  positive  beta  particle  (posi¬ 


tron)* 


Therefore,  fi  +  radioactivity  results 


from  too  low  a  neutron- proton  ratio* 


In 


similar  process,  and  a  more  common  type  of 
radioactivity ,  a  neutron  may  change  itself  into 
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a  proton  and  a  negative  beta  particle  (electron], 
which  is  ejected.  This  type  of  change  results 

from  the  fact  that  there  are  too  many  neutrons 

in  the  nucleus,  and  there  is  slower  energy  state 
for  the  isobar  with  x  lower  i)  p  ratio.  There- 
fore,  f3  -  radioactivity  results  from  too  high  an 

n/p  ratio. 

When  a  radioactive  Isotope  contains  too  many 
neutrons*  a  neutron  in  the  nucleus  changes  to  a 
proton  and  an  electron,  which  is  ejected  as  a 
beta  particle,  The  new  nucleus  which  Is  formed 
has  nc  change  in  atomic  mass  number f  taut  the 
atomic  number  increases  by  one.  For  an 
example: 


^  beta  particle 


-  energy, 


When  an  alpha  particle  Is  emitted  from  the 

nucleus,  this  nucleus  changes  to  a  new  nucleus 

because  is  loses  the  two  protons  and  two  neu¬ 
trons  which  make  up  the  alpha  particle.  An 
example  of  this  would  be: 

^U233 — t-9QTh231 — *-  +  alpha  particle  +E 


The  emission  of  a  gamma  ray  does  not  change 


the  structure  of  the  a  com  since  it  still  has  all  o: 

its  protons  and  neutrons.  Gamma  decay  may 

occur  alone  if  the  nucleus  has  more  energy  than 
is  necessary  for  stability.  More  often  gamma 
rays  are  emitted  in  conjunction  with  other  prod¬ 
ucts*  especially  beta  rays. 


CHEMICAL  VERSUS  NUCLEAR  REACTIONS 


Nuclear  reactions  involve  atomic  nuclei. 

They  are  quite  different  from  chemical  re¬ 
actions.  In  chemical  reactions,  changes  occur 

tc  electron  configu ratio ns.f  but  the  atomic  nuclei 
remain  the  same.  An  explosion  results  from 
die  very  rapid  release  of  a  large  amount  of 
energy.  When  equal  masses  are  considered, 

nuclear  energy  release  is  of  ft  much  greater 
magnitude  than  chemical  energy.  Two  kinds  of 

nuclear  reactions  that  satisfy  the  Conditions  for 
the  production  of  a  large  amount  of  energy 
in  a  short  time  are  “fission''  and  fusion.”  The 
complete  fission  of  one  pound  of  fissionable 

material  can  produce  a  a  much  energy  as  S.OOC 

pounds  of  TftT;  the  fusion  of  one  pound  of 
[rsionable  material  would  release  roughly  tile 
same  amount  of  energy  as  26,000  pounds  of 
TNT.  So  you  car.  see  that  the  energy  release  of 


nuclear  reactions  is  tremendously  greater  than 
energy  release  oi  chemical  reactions.  We 

have  covered  nuclear  reactions  only  briefly  at 

this  time;  they  will  be  covered  more  thoroughly 
in  a  later  section  of  this  chapter.  Their  prac¬ 
tical  importance  will  become  evident  in  later 
chapters. 


RADIOACTIVITY 

preliminary 


Radioactivity  can  be  defined  as  the  process 

by  which  one  or  more  types  of  radiation  are 
emitted  from  a  nucleus  because  the  nucleus  is 


unstable.  Although  we  can  predict  from  experi¬ 
ence  and  observation  whether  a  nucleus  is  un¬ 
stable,  it  is  s m possible  to  predict  accurately 
when  a  particular  nucleus  will  undergo  radio¬ 
active  decay.  The  rate  of  decay  for  a  particular 

radioactive  isotope  is  described  statistically  for 
a  large  number  of  atoms  in  much  the  same  way 
that  an  in  gu  ran  re  company  can  predict  the  life- 

span  of  an  ” average”  man  living  in  the  United 

States,  although  it  is  impossible  to  predict  when 
any  particular  individual  will  dio.  This  use  of 
a  large  number  of  atoms  is  valid  because  even  a 
small  amount  of  material  contains  a  very  large 
number  of  atoms. 


Nft  tu  ral  Rad  ioac*  i  v  ifcy 


With  very  few  exceptions,  naturally  radio¬ 
active  materials  will  be  found  toward  the  end 

of  the  table  of  elements,  (See  figure  12-1.1 
Each  nucleus  has  its  own  particular  rate  of  radio¬ 
active  decay.:  it  may  decay  within  a  fraction  of  a 
second  or  it  may  take  billions  of  years.  Some 
scientists  believe  that  aU  elements  probably  go 

through  the  process  of  decay;  but  ior  some  the 

process  is  so  slow  that  our  instruments  cannot 

detect  if*  sQ  We  say  that  thesis  elements  are 

stable.  One  of  the  active  isotopes  (uranium) 
finally  becomes  lead  through  a  series  of  radio¬ 
active  decay,  but  the  process  takes  billions  of 
years. 

Induced  Radioactivity 

It  is  possible  to  change  a  stable  element  into 

a  radioactive  element  by  bombardment  oi  its 

atoms  ip  a  nuclear  reactor.  All  of  the  existing 

■ 

elements  can  now  be  made  radioactive  by 

bombardment  in  This  manner.  Hundreds  of  dif¬ 
ferent  radioactive  isotopes  can  be  produced 


PRINCIPLES  OF  GUIDED 


AND  MJCI  EAR 


artificially ,  Their  use  is  widespread  in  medicine 

and  industry,  as  well  as  in  research.  For  ex¬ 
ample,  radioactive  phosphorus  is  used  to  treat 
,\  in  cancer;  it  emits  beta  par  tides,  which  do  not 
penetrate  very  deeply.  Radioactive  iodine  is 

used  for  the  treatment  of  diseases  of  the  thyroid 
because  these  glands  have  an  affinity  for  iodine 
and  attract  It, 

Figaro  12-7  is  a  diagrammatic  representa¬ 
tion  af  mar. made  radioactivity,  in  this  case  a 

short-lived  activity  called  TRANSMUTATION* 
or  the  changing  of  one  element  to  another.  A 
nitrogen  14  atom  is  bombarded  by  an  alpha 
particle.  It  absorbs  the  alpha  particle  and  is 
very  briefly  fluorine  IS.  The  fluorine  18  quickly 
emit?!  a  proton^  leaving  a  nucleus  of  3  protons 

and  3  neutrons,  which  is  oxygen  17,  a.  stable 


RADIATION 


SYMBOLS 


t.T FE 


4.  5  A  10"  n»*r* 


‘Jr  ULUS 


Thorium 


"JiniUJfl 


IHn-.BLUD 


ji  1 : 1  lt  r. 


Thorium 


£S.  A  siL'nitea 


Li-xil 


1&-1  minuicN 


BLsnvit-. 


■nM3ain.rrL 


1.  S3  fli  I  b  1  l.  l-i :  J 


RADIOACTIVE  SERIES  DECAY 

There  are  three  families  of  naturally  radio¬ 
active  elements— uranium  (fig,  12-8,  the  uranium 
series),  thorium,  and  actinium.  Each  of  these 

families  has  a  separate  isotope  of  lead  as  a 
final  product,  These  isotopes  disintegrate  or 
decay  in  a  definite  series  of  steps,  until  a  stable 
end  product  is  finally  formed.  At  each  step  in 
this  process,  either  an  alpha  or  a  beta  particle 
is  emitted  from  each  reacting  nucleus;  in  some 
of  these  processes  gamma  rays  are  emitted. 
Figure  12-3  shows  the  steps  in  the  decay  of 

uranium. 


Biv  rv  1 : 


Table  of  the  uranium  series 
of  decay. 


Alpha  Radiation 


It  has  already  been  noted  that  alpha  radia- 
tloi  s  sre  positively  charged  and  have  relatively 

little  penetrating  power.  Due  to  the  large 
positive  charge  oi  an  alpha  particle  (+2),  it  has 
a  strong  attraction  for  electrons.  Alpha  par¬ 
ticles  passing  through  a  material  tend  to  strip 
electrons  from  the  atoms  in  this  material. 

At  first  the  alpha  particles  are  travel!^ 

too  fast  to  capture  electrons.  But  while  slav¬ 
ing  down,  or  lifter  stopping,  the  alpha  p article 
gains  Two  electrons  and  becomes  a  stable 

helium  4  atom.  Although  the  fast  alpha  par-' 
tides  do  not  capture  electrons,  they  are  abh 
to  strip  them  from  atoms  of  the  material  thEj 
pass  through,  so  that  positive  iong  remain  Li 
their  path .  A  Ipha  pa  rti  cl  e  s  are  t  b  e  most  h  eavira 
ionizing  radiation  found  in  natural  radioactivity, 
and  can  produce  as  many  as  70,000  ion  pair*; 
in  one  centimeter  ol  travel. 
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Igure  1 2-7, — Artificial  or  induced  radioactivity* 
A.  Bombardment  of  a  nitrogen  14  atom  with  an 
alpha  particle;  B*  The  alpha  particle  is  mo¬ 
mentarily  absorbed,  forming Ouorine  t  3;  C.  One 
proton  ca  st  off*  l  ea v  ing  oxygen  1 1 . 


recall  that  beta  radiation  is  char- 
a  negative  charge*  Farther  analyst 
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shows  that  beta  particles  have  the  same  charge 
and  mass  as  electrons;  thus  they  we r e ictent if i ed 

as  high  speed  electrons  of  very  high  energy. 
Beta  particles  also  have  the  ability7  to  ionize 

atoms  in  material  through  which  they  pass:  but 
because  of  the  difference  in  size  and  speed, 
their  ionizing  ability  is  approximately  one 

One -hundredth  that  of  an  a  1  pita  particle*  T3iu 

beta  particle  travels  faster  than  the  alpha  par- 
dcleT  and  therefore  is  more  penetrating. 

Gamma  Radiation 


The  loss  of  an  alpha  or  beta  particle  some¬ 
times  loaves  a  radioactive  nucleus  with  an  ex¬ 


cess  quantity  of  energy,  which  it  emits  almost 
Immediately  as  a  gamma  ray.  This  radiation 
is  different  from  the  other  types  in  that  jt  is 

dectro magnetic  in  nature*  5mce  gamma  rays 

have  no  charge,  they  are  unaffected  by  magnetic 

or  electric  fields  (fig,  12.-6)*  Their  ionising: 

ability  is  much  less  than  that  of  either  alpha 
or  beta  radiations,  although  they  have  much 

greater  penetrating  power. 

Because  gamma  rays  have  no  charge,  and 

are  electromagnetic  in  nature,  you  might  ex¬ 
pect  that  gamma  interaction  with  matter  would 
be  impossible.  This  is  tncorreet,  however, 
because  gamma  rays  are  abit:  to  interact  i:j 
three  separate  ways— by  the  photoelectric  ef- 

lett,  by  the  Compton  effect,  and  by  pair  pro¬ 
duction, 

F  H  OTOE  LEG  TR1C  E  F  F  EC  T\-  Under  certa  in 

conditions,  a  gamma  ray  cat]  physically  collide 

with  an  orbital  electron,  The  electron  is  then 
ejected  from  tlie  atom  after  absorbing  the  gamma 
ray  complete!’.-  (fig.  ]  2- 6R •  u }  ,  causing  ioniza¬ 


tion.  Photoelectric  ionization  by  gamma  rays  Is 
primarily  a  low  energy  interaction,  and  falls  off 
rapidly  with  an  increase  in  gamma  energy.  The 
greatest  probability  of  the  photoelectric  effect 
occurring  is  in  the  higher  2  numbered  atoms 
and  low'  energy  gamma  rays.  The  gamma  rays 


emitted  from  the  outer  eh  ells  of  atoms  fire  of 

lower  energy  then  those  from  the  inner  shells. 
COMPTON  EFFECT.^  In  this  interaction, 

only  part  of  the  gamma  ray  is  absorbed  by  the 

electron,  The  gamma  ray  suffers  a  loss  of 


energy  and  is  scattered  as  it  ionizes  the  atom 
(fig.  l2-GB(b)»  This  effect  is  maintained  at  higher 

energies  than  the  photoelectric  effect,  but  drops 

off  rapidly  in  much  the  same  manner. 

PAIR  PRODUCTION*- When  a  high-energy 

Samms,  ray  passes  nea  r  a  nucleus,  it  can  change 

from  electromagnetic  energy  into  an  electron  and 


a  positron  (a  particle  with  the  same  mass  as  the 
electron  but  with  a  positive  charge),  (See  figure 
12-6Bi‘c)J  Energy- as  ass  transformation  is 
represented  by  the  equation  E  -  mc^+  The  mass 
ol  each  particle  is  0.00055  amtt.  One  a  mu  is 
convertible  to  931  M-cv.  Using  E  =  mx 931,  the 
minimum  energy  required  for  pair  production  is 
2 )  f  D .  O0G&5  :  031;  1 . 02  M e  v .  It  ha  s  been  f  on nd 


that  energy  cannot  be  converted  to  mass  unless 
hie  nucleus  is  present  to  conserve  momentum. 

There  is  a  noth  er  phono  men  on  c.  a  1 1  ed  in  v  er  se  pa  i  r 

production,  or  ANNIHILATION.  This  occurs 

wh  en  a  pO  sii  r  On  and  an  elect  rOn  r  ea  Ct  to  for  in  t  WO 

photons  of  0,5  Mev  each. 


Neutron  Radiation 


The  dangers  from  alpha,  beta,  Etrad  gamma 

radiation  isave  become  welt  known.  Another  type 

of  radiation  hazard:  is  presented  by  neutrons. 

These  are  usually  found  in  dangerous  numbers 
around  nuclear  reactors  or  in  deposits  of  fis¬ 
sion  able  material.  Neutrons  are  neutral  par¬ 
ticles  with  a  mass  slightly  greater  than  that  of 

the  proton,  about  one  amu.  Sine e  neutrons  are 

uncharged*  they  cannot  Ionize  atoms  by  attracting 

negative  or  positive  particles.  However,  neu¬ 
trons  do  cause  ionization  by  indirect  means:. 
Tin*  secondary  ionization  may  be  produced  by  a 
r pc  oil  mechanism  wherein  a  neutron  collides 
with  a  proton  (the  nucleus  of  the  hydrogen  atom); 

iho  proton  will  then  produce  ionization  as  it 

moves  through  matter*  This  recoil  mechanism 
is  important  because  the  human  body  is  largely 
made  up  of  compounds  containing  hydrogen 
( wat  er  being  the  mo  si  abundant ), 

Neutrons  are  both  a  Cause  and  a  result  of  fis¬ 
sion  and  fusion  reactions.  They  do  not  travel  far 

because  they  arc  either  quickly  captured  or  un¬ 
dergo  decay,  which  results  in  the  release  of 
radiation..  Their  range  of  travel,  depends  Oh.  their 
speed;  there  are  both  fast  and  slow  neutrons. 

HALF  LIFE 

The  spontaneous  emission  of  radiation  from 

radioactive  material  is  a  gradual  process.  It 

takes  place  over  a  period  ol  time,  at  a  rate  de¬ 
pending  on  the  nature  and  a  mount  of  the  material, 
A  useful  term  for  expressing  the  rate  of  radio¬ 
active  decay  is  HALF  LIFE.  The  half  life  is  the 
time  required  for  one -half  of  a  given  amount  of  a 
radioactive  isotope  to  decay.  Again,  this  is  a 
statistical  term  based  upon  a  very  large  number 
of  atoms.  As  long  as  we  have  a  large  number  of 


277 


NUCLEAR  WEAPONS 


PRINCIPLES  OF  GUIDED  ^TTSSILES 


atoms  of  a  radioactive  isotope,  one-half  of  these  Practical  Application 
atoms  will  decay  in  one  half  life*  so  that 

eventually  only  a  small  fraction  of  the  original  Rate  of  decay  is  very  important  whenconsid- 

isotopc  remains*  If  a  given  number  ol  atoms  of  a  ering  safety.  Et  is  This  measurable  feature  of 

particular  radioactive  isotope  is  allowed  to  decay  decay  that  makes  it  possible  to  reoccupy  areas 

lor  one  hall  life,  only  50  V  of  the  original  isotope  that  have  been  contaminated  by  radiation  from  an 

will  remaim  If  allowed  to  dec  ay  for  another  half  accident  or  the  debris  from  a  nuclear  explosion, 

life,  only  25%  will  remain.  Likewise,  during  each  after  waiting  for  the  radiation  to  be  reduced  by 

additional  half  life  of  decay,  one-half  of  tine  re-  decay-  After  a  few  days  or  weeks  (depending  on 

maining  atoms  will  decay  (fig.  12*9).  the  type  of  radioactive  material),  too  few  of  the 

Half  life  can  be  expressed  in  any  convenient  radioactive  atoms  are  left  to  do  much  harm, 

time  units.  The  half  lives  can  be  found  in  suitable  Some  of  these  atoms,  of  course,  remain  radio- 

tables  or  nuclide  charts.  Some  typical  examples  active  for  years. 

Of  half  lives  are: 

HALF  THICKNESS 

92U238  alpha  emitter:  4.51  a  106  years  A,  has  already  beet,  mentioned,  radioactive 

substances  emit  particles  and  rays  that  produce 

ionizing  reactions  in  previously  normal  atoms 

or  molecules.  Under  competent  control  and 

proper  safeguards,  radiation  can  be  harmless, 
as  when  a  hospital  corpaman  makes  a  eh&st 

X-ray,  It  can  even  be  a  power  for  good,  as  wheti 
a  surgeon  trained  in  radiology  destroys  cancer¬ 
ous  cells  without  damaging  much  of  the  patient's 

normal  tissue,  But  out  of  control,  or  without, 
proper  safeguards,  radiation  can  be  one  of  tire 
When  a  nucleus  undergoes  radioactive  decay f  great  hazards  of  nur  time, 

it  t$  attempting:  to  reach  a  more  stablest  ate,  but  It  was  previously  explained  that  alpha  par* 

the  new  nucleus  that  ia  formed  may  also  be  tides  have  low  penetrative  power.  Ordinary 

radioactive.  In  fact,  a  whole  chain  of  radioactive  clothing,  or  ever,  unbroken  skin,  will  prevent 

“da  ugh  ter *  nuclei  may  be  formed  before  a  stable  them  from  entering  the  body  from  the  outside, 

nucleus  is  finally  reached*  There  are  many  The  only  way  one  can  suffer  much  Ionization 

chains  of  radioactive  isotopes  of  this  type.  Sec  damage  from  alpha  particles  is  by  eating3  breath* 

figure  12-3  for  the  uranium  series*  mg,  or  otherwise  taking  into  the  system,  some 
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RADIATION 


radioactive  isotopes  that  will  become  lodged  in 

the  body  and  remain  there  through  a  series  of 
ialf  lives  . 

Beta  particles  traveling  in  air  are  effective 

vtthin  about  ID  feet  of  their  source.  Denser 
sub  stances  f  like  wood  or  water,  limit  their 
effective  range  to  about  i  thousandth  of  its  value 
In  air.  Normal  clothing  gives  substantial  (though 
not  complete)  protection  against  beta  radiation. 

Jt  is,  however,  the  gamma  rays  produced  by 
ih  radioactive  decay,  and  the  free  neutrons  that 
characterise  manmade  nuclear  reactions,  that 
;.re  grave  threats  to  health  and  life.  Nuclear 
power  plants  must  be  shielded  to  protect  the  op- 
orators  and  other  personnel  from  these  radiation 


In  order  to  discuss  *he  effects  of  radiation 
damage  quantitatively  we  must  have  n  unit  of 
radiation.  The  basic  unit  for  the  activity  of  a 
radioactive  substance  is  the  CURIE,  This  unit 
establishes  the  activity  that  is,  the  decay  rate) 
of  radium  as  the  standard  with  which  the  activity 

of  any  other  substance  can  be  compared, 

By  using  a  formula  that  takes  into  account 
the  number  of  atoms  per  gram  and  the  vaLue  of 
half  life  in  seconds,  scientists  have  determined 
that  the  activity  of  radium  is  equal  toS.'i  x  10-^ 
nuclear  disintegrations  pec  gram  per  second. 

This  value  is  then  a  unit  of  comparison. 

A  curie  of  any  radioactive  substance,  there¬ 
fore,  i$  the  amount  of  tha^  substance  that  will 
produce  3.7  x  10^  disinter  rations  per  second. 
For  example,  it  would  take  6,S15  pounds  of 
natural  uranium  to  produce  one  curie.  In  the 
manufacture  Of  radioactive  isotopes  for  medical 
and  industrial  purposes,  tht  curie  is  too  large 
a  unit  for  convenient  use,  A  commonly  used 
sub  multiple  of  she  curie  is  the  microcurie, 
3,7  x  10"*  disintegrations  per  second. 

At  the  oppostte  extreme,  the  curie  is  too 

small  a  unit  for  measuring  the  high -order 
activity  produced  by  a  nuclear  explosion.  For 
this  purpose  the  megacurie  (3.7  x  IQ-^)  is  used. 

Since  radiation  is  detected  by  the  ionisation 
it  produces,  and  since  its  effects  on  organisms 
are  due  to  ionization,  one  way  to  measure  radia¬ 
tion  is  by  the  amount  of  charge  it  produces  in  a 
given  volume  ?r  mass.  For  this  purpose  a  unit 
called  the  roentgen  is  used,  A  roentgen  is 
denned  only  for  gumma  or  X- radiations.  It  is 

the  amount  of  X-ray  or  gamma  radiation  re~ 
quired  to  produce  by  ionisation  one  electro¬ 
static  unit  (esu)  of  charge  in  one  cubic  centi¬ 
meter  of  air  it  standard  temperature  and 
pressure. 

In  the  Radiation  Health  Prot action  Manual. 
KavMed  P-5  Os  b,  a  roentgen  is  defined  as  '‘That 
amount  of  X-  or  gamma  radiation  which  will 
produce  2.063  x  10y  ion  pairs  in  l  ce  of  air 

under  standard  conditions,  One  roentgen  oi 
X-  or  gamma  radiation  is  considered  to  de¬ 
liver  one  Rad"  (radiation  absorbed  dose.) 

A  rad  is  the  absorption  of  100  ergs/ gram 
in  whatever  material  is  under  discuss  ion*  Note 
that  for  this  unit  the  type  of  material  must  be 
specified.  This  allows  for  a  distinction  be¬ 
tween  such  things  as  soft  tissue  and  bone. 

Since  the  roentgen  is  the  measurement  of 
X-  or  lamma  radiation,  we  need  a  term  for 


Although  gamma  radiation  is  never  com¬ 
pletely  absorbed  in  passing  through  matter, 
absorption  can  be  discussed  in  terms  of  half 
thickness.  This  la  the  thickness  of  a  shielding 
iubstance  necessary  to  cut  the  radiation  intensity 
In  half,  A  a  figure  12- ID  shows,  the  half  thick¬ 
ness  varies  from  one  shielding  substance-  to 
mother.  It  also  varies  with  the  type  of  radia¬ 
tion  (neutron  Or  gamma)  that  is  under  considers- 
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sensitive  to  radiation*  therefore  the  cells  which 

n  ■] 

divide  the  most  rapidly  are  the1  mosr  sensitive. 
You  ran  classify  cells  into  least  sensitive  amri 

most  sensitive  types*  The  most  sensitive  are 
those  of  hone  marrow,  lymph  glands,  hair  fol¬ 
licles.  me:  skin. ,  The  least  sensitive  are  those 
of  the  bones,  nerves,  muscles,  and  brain. 

AH  this  seems  somewhat  intricate,  but  it  is 

necessary  for  a  discussion  of  the  effects  si 
radiation  on  living  matter.  The  effects  of  radia¬ 
tion  exposure  depend  on  how  fast  the  radia¬ 
tion  is  delivered.  If  it  is  delivered  slowly,  the 
body  has  t  im  o  tn  repair  some  of  the  damage,  Pen1 

example  1 .000  roentgen s  delivered  in  a  few  sec¬ 
onds  would  almost  inevitably  prove  fatal  within 
a  month,  but  the  same  amount  delivered  uni- 
formlv  over  a  lifetime  would  produce  relatively 
little  effect* 


alpha  and  beta  radiations,  as  these  particles 
algo  cause  ionization.  The  proper  term  for 
this  ia  the  REM  (roentgen  equivalent  mammal)* 
A  rem  is  the  quantity  of  ionising  radiation  of 
any  type  which,  when  absorbed  by  man  or  some 
other  mammal,  produces  a  physiological  effect 
equivalent  to  that  produced  by  the  absorption 
of  one  roentgen  of  or  gamma  radiation. 
There  is  another  factor  which  is  used  by  the 

Bureau  of  Medicine  and  Surgery  to  obtain  a  quan¬ 
tity'  which  equates  lo  a.  common  scale  the 
biological  effectiveness  of  any  type  of  ionizing 
radiation  to  which  an  individual  is  exposed.  This 
is  the  Quality  Factor, 

For  X-,  gamma,  or  beta  radiation  the  quality 

factor  is  1 

For  neutrons  of  unknown  energy,  and  protons, 

the  quality  factor  is  10,  that  is,  a  given  quantity 
of  neutrons  would  cause  ten  times  as  much 
bodily  damage  as  ?he  same  amount  Of  gamma 

radiation. 

For  ionizing  particles  heavier  than  protons 

the  quality  factor  ia  20* 


rm-IZING  I  UNI  7  AT  ION  PHENOMENA 


There  are  two  terms  commonly  used  La 
discussing  ionization  phenomena*  They  an? 
dose  and  dose  rate*  Doge  is  the  total  quant  it? 
of  radiation  absorbed  by  an  organism  during  a 
single  radiation  experience*  Since  the  roentgen 
and  the  rail  are  concerned  with  the  charge  per. 
unit  of  volume  and  the  energy  absorption  per 
unit  of  ma&s,  the  part  of  the  organism  involves 
in  a  dose  must  he  specified.  For  example,  if  a 

1*000- rad  dose  were  received  in  the  forefinger, 
the  effects  would  be  quite  different irOm those d' 
a  1,000- rad  whole  body  dose*  I 

By  dose  rate  is  meant  a  radiation  dose  per 
unit  of  time*  Tit  is  could  be  expressed  it 
roentgens  per  hour  (r/h),  mini  roentgens  pet 

hour  fmr/h),  or  rem/hour*  I 


The  human  body  is  made  up  of  many  different 

Systems,  such  as  the  respiratory  system  and  the 

digestive  system,  These  systems  are  further 
divided  into  organs,  which  in  turn  arc-  made-  up 
of  tissue.  Although  tissue  may  differ  from  organ 

to  organ,  there  are  remarkable  similarities 

between  t  i  s  sues  of  d  iff e  r  ce =i  o  rgan s ,  All  t  i  ssut-jj 
are  composed  of  cell  a,  Because  of  differences 
in  the  response  of  various  lands  of  cells  to 
radiation,  the  bio  loci  cal  effect  of  radiation  on 

different  tissues  will  vary,  Cells  vary  from 
tissue  to  tissue,  but  they  have  many  common 
features* 

Since  radiation  affects  the  cell,  and 
individuals  are  composed  ol  a  large  number 
of  cells,  you  should  know  something  of  the 

effects  of  radiation  On  cells, 

All  cells  with  the  exception  of  the  red 
blood  cells  have  common  components  Including 
the  membrane,  cytoplasm,  nuclear  membrane, 

and  nucleus  (Note  that  '  ‘nucleus7 1  is  a  biological 
term  here  unrelated  to  the  atomic  nucleus.}  The 
nucleus  Is  the  controlling  center  Of  the  cell, 
and  is  the  part  most  susceptible  to  radiation 
damage.  It  it  well  known  that  the  body  is  In  a 
continuous  state  of  decay  and  repair.  Some 
cells  are  dying  while  others  are  dividing  into 
two  to  replace  them*  During  this  process  of 
division,  the  nucleus  of  the  cell  is  particularly 


Hr  iiation  Detectors 


Radiation  cannot  be  detecte-ti  by  any  of  tts 
human  senses.  Instruments  must  be  used  t 
detect  the  presence  of  radiation.  These  instn- 
merits*  called  radlacs  (Radioactivity  Detection 

Indication,  and  Computation),  are  used  to  date? 
the  interaction  of  radiation  with  some  type  tf 
malt  e  r  * 

Of  the  many  ways  that  a  particle  or  pho-ta 
of  radiation  can  transfer  energy  to  matte? 

the  one  that  is  of  concern  here  Is  IONIZATION 
Remember  that  each  time  an  ionising  event  talid 
place,  an  ion  pair  ls  formed.  This  pair  cor 
sists  of  a  positively  ionized  atom  and  a  fn; 
electron.  In  a  radiation  detector,  these  fee 
electrons  are  collected  on  a  positive  electrodt- 
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Tt?  collect  the  free  electrons  there  must  he  an  positively  charged  electric  field  due  to  the  pro- 

ale  dtric  field  in  the  detector,  tons  already  in  the  target  no  clews,  the  neutron 

Figure  12-11  shows  a  basic  radiac  circuit,  effectively  does  not  '‘see”  tins  electric  field 
Radiation  interacts  with  the  detector  sensitive  since  it  has  no  charge  Of  its  own.  When  the 

volume  (usually  a  gas)  and  gives  a  pulse  of  neutron  comes  within  approximately  lCr1J  cert- 

electrons,  A  power  supply  is  needed  to  pro-  ts meters  of  the  nucleus,  it  will  be  subject  to  the 
vide  the  necessary  power  for  detectur  opera-  great  cohesive  (attractive)  nuclear  forces* 
tion.  The  electronic  circuits  shown  are  amp-  I' Or  the  proton,  or  any  other  positively 

llflers,  niuUivibratorSj  and  other  standard  charged  particle,  the  above  process  does  not 

circuits.  The  output  of  the  detector  can  be  hold.  The  proton,  for  example,  will  encounter 
displayed  on  cither  a  scaler  or  a  count  rate  a  positively  charged  iorce  fieLtt  due  to  the  pro- 
meter,  tons  in  the  nucleus.  Since  the  proton  is  posl- 

Mofcit  of  the  radiacs  in  current  use  are  de-  lively  charged,  the  force  field  is  repulsive  in 


signaled  as  beta -gamma  detectors,  alpha  de¬ 
tectors,  or  neutron  detectors.  Although  most 

trf  these  instruments  are  designed  to  count 
pulses,  their  output  indication  depends  on  the  type 
of  radiation  They  are  designed  to  detect,  Beta- 

pmma  instruments  are  calibrated  in  roentgens 

per  hour  or  miLliro-entgens  per  hour.  Alpha 
detectors  arc-  usually  baaed  on  the  number  of 

radioactive  disintegration  is  per  minute  that  the 

material  is  undergoing,  or  counts  of  disintegra¬ 
tion  per  minute  that  are  being  detected* 


nature,  The  repulsive  Tieiu  increases  very 

rapidly  until  the  proton  gets  to  about  10 “13 

centimeters  iron  hie  nucleus.  The  cohesive 

attractive  forces  start  acting  at  this  distance 

and  overcome  The  repulsive  forces.  The  pro¬ 
ton  may  then  enter  the  nucleus,  The  effect  is 
as  if  chert:  were  &  wall1'  that  the  proton  must 
penetrate.  This  ^walF*  is  called  a  BARRIER, 
The  barrier  ends  approximately  1G_1“  centi¬ 
meters  from  the  center  of  the  nucleus. 
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You  no  doubt  have  heard  the  expression 
that  nothing  is  wasted  or  lost  in  nature.  Far 

hundreds  of  years,  physics  classes  were  taught 

that  matter  cun  be  changed,  but  not  destroyed. 

Burning  a  piece  ol  wood  changes  it  to  smoke, 
heat,  and  ashes.  This  is  called  the  law  of  con¬ 
servation  of  matter. 

Another  conventions!  law'  of  physics  is  the 
law  of  conservation  of  energy.  This  law  states 
that  one  iorm  of  energy'  can  be  converted  to 

another  form,  but  the  energy  is  not  lost  or 
destroyed. 

These  two  laws  were  the  basis  on  which  all 

chemistry  was  built.  The  energy  coming  out  of 
radioactive  substances  such  as  uranium  puzzled 
the  scientists— it  seemed  that  energy  was  being 
created*  Albert  Einstein  worked  out  the  an¬ 
swer  to  this  puzzle  by  his  theory  of  relativity, 
Re  showed  that  matter  and  energy  are  different 

forms  of  the  same  thing.  Matter  can  be  de¬ 
stroyed,  but  energy  is  created.  Einstein  de¬ 
clared  (and  proved  mathematically)  that  mass 

and  energy  arc  exactly  equivalent— mass  can 

be  converted  to  energy,  and  even  the  reverse 

is  true— energy  can  sometimes  be  converted  to 

mass,  It  Is  the  total  mass -energy  Of  the  uni¬ 
verse  that  remains  constant  When  an  atom  is 

split,  some  of  Us  mass  is  changed  to  energy, 

that  is,  mass  is  destroyed  to  produce  energy. 


NUCLEAR  REACTIONS 


In  a  nuclear  reaction  there  is  usually  a 
bombarding  particle  called  the  INCIDENT  PAR¬ 
TICLE.  When  the  incident  particle  hits  a 
nucleus  it  rest,  this  nucleus  is  called  the  TAR¬ 
GET.  If  a  particle  is  emitted  m  the  reaction, 
this  is  the  EJECTED  particle* 

The  proton,  neutron,  electron,  positron, 
alpha  particle,  and  gamma  ray  all  may  cause  a 

nuclear  reaction. 

Neutrons,  when  used  as  bombarding  par¬ 
ticles,  have  very  little  difficulty  in  penetrating 
into  a  target  nucleus*  Although  there  is  a 
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readily  see  thai 
d  from  the  coi> 
an’,5  of  matter 


From  this  example  y 

1.02  mev  of  energy  was 
version  of  i  8.2-2  x  10 

(H  001 10  imu). 


Chemical  changes,  as  we  have  learned,  in¬ 
volve  only  the  movement  of  the  outermost 
electrons  of  atoms,  and  therefore  relatively 

Little  energy  is  used  to  make  a  chemical 
change,  freeii^  the  electrons  of  one  atom  and 
recombining  them  with  the  electrons  of  an-  BINDING  ENERGY 

other  atom,  to  form  a  molecule.  The  loss 
of  energy  is  so  small  it  cannot  be  measured  The  table  of  ate 
with  any  laboratory  instrument.  neutron,  and  eleett 

The  forces  binding  together  the  parts  of  mi-  1  *001199,  and  (LOO 
clei  are  vastly  stronger  than  the  fnrees  bind-  spectively,  One  m 
ing  together  the  atoms  of  mOlecuLes,  To  break  an  atom  could  be 
these  forces  requires  a  large  amount  uf  energy,  number  of  neutron 
It  is  not  entirely  understood  what  forces  hold  the  simply  adding  the 
neutrons  and  protons  together  In  Ehe  nucleus,  ticlea-*  Let's  take 
but  It  is  called  BINDING  ENERGY.  Electrons  aF19,  and  see  if  i 
are  held  In  place  by  electrical  force.  The  &  protons,  9  elect 
amount  of  energy  that  appears  in  a  chemical  tons  would  have 
changpj  such  as  the  uniting  of  a  carbon  atom  electrons  would  a 
with  two  oxygen  atoms,  is  only  a  few  electron  and  10  neutrons 
vOH  s ,  When  ati  unstabl  0  nuc  leus  emits  rad iat  ion,  1  0 . 0899  0 ,  T  b  e  sl 
the  nucleus  that  re  main  a  weighs  slightly  lesa  would  be  I9.l$3lf: 
(that  is,  has  less  mass  J  than  the  original  nucleus,  masses  we  find 
The  smalt  amount  of  mass  that  disappears  is  isotope  is  19,00* 
transformed  into  the  tremendous  amount  of  t^een  the  known 
cn  erg  y  repr  e  s  ent  ed  by  the  bla  st,  he  at ,  a  nd  r  a  dia-  mass  es  la  0 .  i  &  & 
tion.  This  is  the  conversion  of  mass  into  fluorine  atom  is 
energy,  the  funds menial  fact  behind  the  entire  This  is  not  realb 
atomic  energy  field.  When  an  atom  ia 

The  amount  of  energy'  that  would  be  re-  tides,  a  certain 
leased  by  the  disappearance  of  a  given  amount  and  changes  to  ( 
at  matter  can  be  computed  by  applying  Em-  accordance  with 


E  La  energy  in  ergs 
m  is  mass  in  grains  *q 

q  is  the  velocity  Of  light  (3  x  L01V  centi¬ 
meters  per  second;  when  squared  or  multiplied 
by  itself,  this  becomes  9  x  iO20.  or  9  fallowed 
by  20  zero  a ) 

We  can  use  the  positron- electron  annihila¬ 
tion  process  a  a  an  example  of  the  conversion 
of  mass  to  energy  (the  form  of  energy  is 
gamma  rayaJ.  The  mass  of  the  positron  and 
electron  is  9,11  x  itr^6  grams.  The  square  of 

the  speed  of  light  is  9  x  1C2^,  so 

E  in  ergs  -  2  x  9*11  x  IG"2®  x  9  x  or 

E  -  1.64  x  1  erg  a 

Since  the  energy  of  gamma  rays  is  given  in 
electron  volts,  we  must  convert  ergs  to  elec¬ 
tron  volts,  One  electron  volt  Is  equivalent  10 

1.60  x  10"  ■  ^  ergs,  hence 

L4I  *  ?!!ia  =  1,02  x  106 


;  e  binding  cnei} 
the  total  bind t 


or  1,02  mev 
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energy  divided  by  the  number  of  nucleons  in  the 
nucleus.  The  binding  energy  per  nucleon  in 
the  above  example  would  be:  147,9/19  7.8 

Mev  per  nucleon.  This  means  it  would  take 
approximately  7.8  Mev  to  remove  a  proton  or 

neutron  from  this  atom. 

Although  total  binding  energy  is  larger  for 
larger  nuclei,  binding  energy  per  nucleon  varies 
as  shown  in  figure  12-12, 

Because  of  the  strong  nuclear  bonds  m  the 
nucleus,  those  with  the  highest  binding  energies 

per  nucleon  are  the  moat  stable  and  the  least 
likely  to  undergo-  FISSION,  the  process  of  split¬ 
ting  a  nucleus  into  two  lighter  nuclei,  or  FUSION, 
die  process  ol  combining  two  light  nuclei  into 

a  larger  nucleus, 

NUCLEAR  FISSION 

PIONEER  STAGES.  During  the  late  1  S3  E/s 
scientists  were  conducting  several  types  of 
"atom- smashing"  experiments.  One  of  tfie.s^ 

experiments  involved  the  use  of  the  neutrons 

from  the  deuterium  (heavy  hydrogen)  atom  as 
high-velocity  bullets  to  bombard  small  quasi- 

titles  of  uranium,  This  experiment  produced 
a  result  that  even  the  specialists  were  reluc¬ 
tant  to  believe  until  all  other  possible  expla¬ 
nations  had  been  tried  and  discounted,  Some 
nt  the  uranium  atoms  had  been  split  into  almost 
equal  parts,  to  form  new  atoms  of  barium  and 
fcyrpton. 


£0  GO  KJ  BO  103  |K>  m  IBO  SCO  2H>  HZ 


wok  nrnh! 

144,64 

Figure  12-12*— Binding  energy  per 

nuclaon  chart. 


The  physicists  coul  1  explain  this  phenom 


enon  in  only  one  way 


The  heavy  uranium 


nucleus  taxes  its  binding  energy  almost  io  the 
breaScing  point,  much  as  an  oversize  dewdrop 
taxes  its  surface  tension,  If  ab  conditions  are 


favorable, 


si  iyht , 


sudden  stab  against  the 


clffwdrop,  Or  the  impact  of  a  single  neutron 
against  the  uranium  nucleus,  suffices  to  split 
either  into  two  nearly  equal  parts. 

The  startling  experiment  was  repeated  a 

number  of  times,  and  the  energy  liberated  by 


the  reaction  was  carefully  measured. 


The 


energy  per  atom  proved  to  be  about  5,000,000 
times  that  of  burning  coal*  Here,  then,  was  a 

discovery  that  might  have  tremendous  practical 
importance,  provided  the  fission  reEiction  could 
be  sustained  and  controlled. 

FISSIONABLE  materials*  An  intensive 
search  for  fissionable  materials  revealed  three 
substances  with  practical  possibilities  as  tra¬ 


inees  with  practical  possibilities 

“fuel/'  They  are  as  follows: 


U 


Pu 


239 


t: 


*233 


a  uranium  isotope  constituting  0*7% 
Ol  natural  uranium^ 
an  artificial  isotope  of  an  element 
plui  mium  that  is  itself  'for  all  prac¬ 
tical  purposes)  man-made, 

an  artificial  isotope  of  uranium,  de¬ 
rived  in  a  reaction  involving  thor- 


NEUTRQN  PRODUCTION* 


Free  neutrons 


ace  the  major  tools  of  the  nuclear  physicist* 
They  have  the  proper  size  and  weight  to  invade 
the  n:omir  nucleus,  and  their  electrically  neu¬ 
tral  character  keeps  them  from  being  repelled 
by  the  protons.  For  large-scale  nuclear  fis¬ 
sion  operations,  man  needs  an  abundant  supply 
of  neutrons. 


For  laboratory  purposes,  the  physicist  can 

bombard  the  atoms  of  a.  light  Clement  (boron  Or 
beryllium,  for  example)  with  alpha  particles 
or  gamma  rays  from  certain  radioactive  iso¬ 
topes,  or  with  charged  particles  from  a  cyclo¬ 
tron  or  other  accelerator.  All  these  methods 
result  in  neutron  emission. 


In  the  practical  production  of  radioactive 
materials,  he  secures  free  neutrons  by  the 
nuc  1  ea  r  react  ions  them  a  el  v  es.  5  turtles  of  radio¬ 
active  series  decay  have  shown  that  some 
fissions  result  in  the  freeing  of  at  least  one 
neutron*  Inner  proper  control,  the  free  neu¬ 
trons  can  be  put  to  work* 

CONTROLLING  THE  NEUTRON.  ^In  any  nu¬ 
clear  reaction  except  a  planned  explosion,  both 
the  production  rate  and  the-  speed  rate  of  free 
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neutrons  must  be  kept  under  control.  This 

Is  an  essential  safety  precaution. 

When  emitted  from  their  atoms,  some  neu*, 
trouts  travel  fast— at  about  1/20  the  speed  of 

light,  For  some  purposes,  such  as  the  split¬ 
ting  of  the  heavy  but  firmly  bound  nuclide  like 

U33St  the  high  kinetic  energy  of  fast  neutrons 

is  required.  In  other  nuclear  processes— 
Including  the  fissioning  of  unstable  heavy  nu¬ 
clides  such  as  U233*  U235,  and  Pu?39_ a  much 

lower  neutron  spaed  is  desirable j  fast  neutrons 

would  si  imply  pass  through  these  nuclides,  ex¬ 
citing  them  hut  failing  to  produce  fission. 

By  control  methods  that  will  be  mentioned 

shortly,  it  is  possible  to  decrease  the  speed  of 

neutrons  to  about  1/10.000  of  the  maximum 

possible  value.  At  this  low  speed,  the  kinetic 


■When  a  free  neutron  enters  a  moderator, 

it  collides  with  (but  does  not  penetrate)  one 

nucleus  after  another,  losing  energy  with  each 

collision.  Eventually  it  leaves  the  moderator 

at  a  greatly  reduced  velocity, 

Moderating  materials  can  be  designed  to 
serve  as  reflectors.  These  are  layers  or 

structures  that  turn  stray  neutrons  back  toward 

the  parts  of  the  reactor  where  they  will  serve 
a  useful  purpose. 

Substances  that  allow  free  neutrons  to  enter 
but  tend  to  hold  them  captive  are  called  ab¬ 
sorbers,  These  substances  are  Used,  in  tht 
safety  shields  and  control  rods  that  are  re¬ 
quired  in  all  designs  for  nuclear  reactors,  If 

unavoidably  present  where  they  are  not  de¬ 
sired,  absorbing  substances  reduce  efficiency. 
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irt  of  the  energy  CHAIN  REACTIONS,^ The  tm  neutrons  lib- 
target  nucleus  and  e rated  by  fissioning  In  figure  13-14  may  behave 

:ia  radiation..  The  in  any  of  the  various  w&ys  that  have  just  been 

merely  touch  the  summarized.  If  conditions  are  especially  fav- 

[ually  pass  through  or  able  to  fissioning,  they  may  both  produce 

;rt  Of  figure  12-13.  fissions,  Under  slightly  different  conditions, 

rticlt*  ejection  on  one  may  cause  fissioning  and  one  may  be  cap- 

.a stic  scatter,  with  fttrecL  As  long  as  any  fissioning  reaction  can  be 

cle  enters  the  nuc-  traced  back,  step  by  step,  to  the  original  fly¬ 
leaves  it.  Gamma  sion,  the  process  is  a  chain  reaction, 

aactian.  The  term  chain  reaction  Is  nut  the  ^clus¬ 
ter,  rarely,  some  ive  property  of  the  nuclear  physicist,  It  may 

:arge.  nucleus  and  be  used  to  describe  any  chemical  physical 

n,  once  again,  ex-  process  in  which  the  products  of  one  stage 

E  produces  gamma  (sometimes  called  a  generation)  act  to  produce 

of  a  neutron,  the  the  nest  stage. 

so  tope  to  another.  Cham  reactions  fall  into  three  classes: 
article  splits  the  non  sustaining ,  sustaining,  and  multiplying* 
er  nuclei,  as  shown  A  nonsu staining  (or  convergent)  chain  re- 

on  is,  of  course,  action  comes  to  a  dead  stop  sooner  or  later. 

from  this  drawing  In  this  reaction,  too  few  products  of  the  various 

he  planetary  rlec-^  stages  arc  effective  in  producing  new  stages. 

us  are  divided  be-  ''  The  process,  therefore,  cannot  continue  very 

en  the  new  atoms  long. 

en,  is  the  produc-  The  non  sustaining  chain  reaction  shown  in 

nore  stable  atoms.  figure  12-15  starts  with  one  neutron  as  the 

nces  have  a  high  initial  fission  particle.  This  produces  three 

,  their  transmuta-  neutrons;  2  escape  and  1  causes  a  second  in¬ 
stances  is  usually  sion,  The  second  fission  produces  3  neutrons; 

on  of  at  least  one  2  are  captured  by  impurities,  1  escapes,  and 

n  is  welcomed  by  the  chain  reaction  stops. 

rg  a  tool  for  poa-  In  a  SUSTAINING  (or  stationary)  reaction 

EXT  fission.  It  is  the  gains  by  new  fissions  exactly  balance  the 
is  that  makes  pos-  various  types  o!  losses.  Consequently,  as 
reaction,  shown  in  figure  12-16  the  reaction  continues  at 

a  constant  strength,  Figure  12- IT1  shows  a 
multiplying  (or  divergent)  chain  reaction.  In 
each  generation,  the  reaction  products  (In  this 

instance,  free  neutrons)  that  are  gained  exceed 

|  •  *  ■  those  that  are  lost,  if  conditions  were  es- 

cH '-V'. '  '  penally  favorable,  the  ratio  of  gains  to  losses 

qSfiap  would  be  still  higher. 

'^cP  Tho  nature  of  any  nuclear  chain  reaction 

depends,  in  part,  on  the  purity  of  the  fisskm- 
k  able  material  used.  Impurities  cause  mure 

neutrons  to  be  Lost  through  scatter  or  capture. 

oQ  The  nature  of  the  reaction  also  depends,  in 

part,  on  the  mass  and  shape  of  the  fissionable 

Jr  ••  I* *  material.  Even  for  highly  refined  fissionable 

'  substances,  there  are  limits  below  which  there 

are  too  few  atoms  to  support  a  chain  reaction. 

This  brings  us  to  the  problem  of  criticality.. 

A  mass  (in  a  given  shape)  that  is  just  great 

enough  to  support  a  sustaining  chain  reaction 
is  called  a  CRITICAL  mass.  A  SUB  CRITICAL 


Figure  13- 14,^ A  representative 

fission  reaction. 
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Figure  12-15 _ ■  Example  of  non  sustaining  chain  reaction. 


144  JB5 


(smaller  than  critical)  mass  will  support  only  liberate  two  neutrons,  and  so  on.  The  fissions 


a  non  sustaining  chain  reaction 


A  SUPER-  would  then  increase  by  geometric  progression 


CRITICAL  mass  will  support  a  multiplying  (3,  2>  4,  8,  15,  32,  64,  126,  256,  512, 


chain  reaction. 

FISSION  BOMB  POSSIBILITIES.— As  a  very 
necessary  safety  precaution,  the  masses  of 


2046,  40&6,  and  so  on 

The  eighty-first  step  o(  this  process  resuhe 
in  2*5  x  102^  fissions— enough  to  transmute  i 


fissionable  material  present  in  a  nuclear  bomb  kilogram  of  refined  uranium*  The  time  require 


must  be  kept  subcritical  until  time  for  the  for  the  61  steps  is 


1/1 03  second*  These  arc 


bomb  to  be  detonated*  Then  a  supercritical  the  types  of  numbers  that  had  to  be  considers 

mass  must  be  formed  very  rapidly.  One  way  in  the  design  of  the  Hiroshima  bomb, 

UTILIZING  SUSTAINING  R  E  ACTIONS.  - 

When  tl atomic  fuel"'  is  used  to  produce  power- 


of  producing  a  supercritical  mass  is  by  forcing 
two  or  more  subcritical  masses  together.  An 


other  way  ts  to  squeeze  a  subcritical  mass  as  in  some 


now  in  commission,  othM 


tightly  into  a  new  shape  and/or  a  greater  den-  ships  under  const  ruction,  and  certain  experi 

becomes  supercritical  ’without  the  mental  electric  plant  £  ashore— a  sustain^ 


sity 

addition  of  any  more  substance. 

In  a  weapon,  an  efficient,  rapidly  multiply¬ 
ing  chain  reaction  is  essential.  Ideally,  no 

free  neutron  should  be  lost  to  the  process*  If 


type 


Chain  reaction  is  required,  Neu 


production  must  not  be  allowed  to  get  out  <i 


control; 

The 


neither  must  it  be  allowed  to  die  <?-l 
designers  of  nuclear  reactors  mnc 


the  first  fission  produced  two  free  neutrons,  fate  and  solve  many  problems  related  to 
each  of  these  neutrons  should  produce  two  production  of  an  efficient,  controllable  ch 
more  fissions,  each  of  which  fissions  should  reaction*  These  problems  are  beyond  t> 
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Figure  1 2- 1 6 *— Exa mpl e  of  a  sustaining  chain  reaction. 
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scope  of  this  chapter,  but  are  discussed  in 
texts  on  nuclear  power  engineering. 

Other  problems  center  about  the  safety 

factors— both  for  the  equipment  itself  and  for 

the  people  who  operate  it  or  live  near  it.  Even 
the  disposal  of  waste  products  must  be  care¬ 
fully  planned  to  avoid  present  and  future  dangers. 

NUCLEAR  FUSION 


As  briefly  mentioned  before,  fusion  is  the 
merging  Of  two  light  nuclei  to  form  a  heavier 
one*  with  an  accompanying  conversion  of  mass 


to  energy*  For  reasons  that  will  be  mentioned 
soon,  fusion  reactions  are  often  called  THER™ 
MOMJCLEAR  reactions* 

SUITAB  L,E  SUBSTANC  ES.~ln  order  to  fuse, 

two  nuclei  must  come  very  close  together  with 

enough  iclneilc  energy  to  break  the  binding  force 


of  one  of  the  nuclei*  Because  protons  repel  one 
another,  thus  tending  to  keep  the  nuclei  con¬ 
taining  them  apart,  the  single -proton  hydrogen 

nuclei  would  seem  to  be  the  most  promising 
materials  for  the  fusion  reaction* 

Because  they  have  no  neutrons,  two  atoms 
of  ordinary  hydrogen  cannot  fuse  to  form  a 
heavier  element,  Deuterium  or  heavy  hydrogen, 
with  one  proton  and  one  neutron  per  atoir^  is 

more  promising*  Experiments  have  shown  that 

two  atoms  of  deuterium  can  fuse,  producing  an 
atom  of  tritium  (radioactive  hydrogen}  plus  an 
atom  of  ordinary  hydrogen.  Alternatively,  two 
atoms  of  deuterium  can  react  to  produce  the 

helium  Isotope  plus  a  free  neutron T  Either 
reaction  liberates  nuclear  energy* 

Any  tritium  produced  by  fusion  can  react 
with  deuterium  to  produce  the  helium  isotope 

rjKe"1  plus  a  free  neutron.  This  reaction  again 

releases  nuclear  energy* 
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Deuterium,  then,  is  an  elective  source  of  container  is  vaporized  by  the  reaction;  this  is 


suitable  for  a  weapon* 

Fusion  weapons,  thenT  are  really  fisston- 

fugton  weapons,  in  which  fission  occurs  first 

acts  to  trigger  the  still  greater  fusion 


energy,  provided  it  oan  be  made  to  fust  at  all. 

To  achieve  fusion,  a  very  high  value  of  kinetic 
energy  must  be  emended  in  forcing  any  two 

deuterium  nuclei  to  unite.  In  laboratory  experi¬ 
ments,  artificial  acceleration  of  nuclear  par-  reaction.  Because  heat  provides  the  kinetic 

tides  has  produced  enough  energy  to  initiate  energy  necessary  for  their  functioning,  fusion 

small-scale  fusion  reactions.  Mechanical  ac-  weapons  are  sometimes  called  THERMO* 

celeration  of  particles,  however,  is  not  feasible  NUCLEAR  weapons. 


in  nuclear  weapons,  nor  is  tt  adaptable  to  in¬ 
dustrial  energy  production. 


Thus  far,  heat  has  proved  to  toe  the  only  form 
Of  kinetic  energy  capable  of  initiating  a  fusion 


FUSION  AND  FISSION  C O MP AR E D B ath 
fusion  and  fission  liberate  nuclear  energy.  The 
two  reactions  differ  in  several  respects* 

One  aspect,  the  means  Of  initiation,  has  al- 

readv  been  discussed*  Fis&on  results  when 


reaction  large  enough  to  have  practical  appli-  a  supercritical  mass  Of  suitable  heavy  material 
cations.  Temperatures  comparable  to  that  of  i@  rapidly  formed.  The  reaction  occurs  aute- 

3s  soon  as  the  free  neutrons,  al¬ 
ii  ssionable  material,  ait 


the  sun — millions  of  degrees  Centigrade — are 
required*  A  multiplying  fission  chain  reaction  ready  present  in 

produces  these  temperatures,  Naturally  the  supplied  with  a  large  enough  number  of  atcusj 
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Co  support  tfU'  process,  fusion  does  not  occur 

automatically;  it  must  be  initiated  by  the  ap¬ 
plication  of  extremely  high  kinetic  energy  to 
suitable  light  substances— namely f  deuterium 

and  tritium. 

There  is  a  practical  limit  to  the  sise  of  a 
fission  weapon  and,  therefore,  to  toe  amount  oi 
energy  tiiat  can  be  released  by  this  reaction. 
If  a  weapon  contains  more  than  a  limited  num¬ 
ber  of  subcritical  masses  of  fissionable  ma¬ 


terial,  it  becomes  unsafe  to  handle  and  trans¬ 


port* 


No  such  limit  is  placed  on  the  amount 


of  heavy  hydrogen  a  fusion  weapon  can  contain: 

this  weapon  may  be  as  large  as  the  available 


launching 


Much  greater  de¬ 


struction,,  therefore,  is  possible  with  fusion 

weapons. 

Fission  produces  a  large  number  of  RADIQ- 
A G T 1 V E  PRODUCTS— g amma  ray S f  liu clear  p a r - 
tides,  and  isotopes  of  various  middle-weight 
elements.  Some  isotopes  decay  in  a  abort 
time*  Others  have  a  long  half  life  and  can  re¬ 
main  dangerous  for  a  comparatively  long  time. 

A  few  long-lived  isotopes,  including  st rottt iu 0 , 

tend,  if  they  enter  the  body  at  all,  to  become 

lodged  In  the  bones.  There  they  can  cause 
radiation  damage  over  a  period  of  years.  Fus- 

■  ■  B 

ion,  on  the  other  hand,  has  tritium  as  its  only 
radioactive  product,  and  the  tritium  is  itself 
fused  with  deuterium  to  produce  stable  helium. 


CHAPTER  13 


PRINCIPLES  OF  NUCLEAR  WEAPONS 


AND  THEIR  HANDLING 


INTRODUCTION 


SCOPE 


This  chapter  will  discuss  hypothetical  fission 


and  fusion  weapons,  and  will  snake  some  com¬ 


parisons  between  the  two  types.  The  classifi¬ 


cation  of  tlsis  publication  prevents  the  descrip¬ 


tion  of  specific  mark  and  mods  of  nuclear 


weapons,  but  a  general  description  will  be  given. 


The  emphasis  will  be  on  underlying  principles, 
rather  than  On  design  details  and  Operational 


sequences 


Like  die  assembled  weapons,  the  fuzes  and 


other  nomiuclear  parts  if  nuclear  weapons  will 


be  covered  without  reference  to  specific  Service 


design 


The  latter  portion  of  this  chapter  will  discuss 


the  basic  organization  of  the  nuclear  weapons 


ft  eld ,  a  nd  aom  e  o  f  th  e  pr  obi  e  m  a  r  elat  ed  to  the 


use  and  handling  of  nuclea  r  weapons* 


IMPORTANCE 


L'he  Navy  ha  a  a  wide  variety  of  officer  billets. 


weaponry.  All  present  Officer  billets,  however, 


are  concerned  with  security,  safety,  defensive 


measures,  and,  whenever  necessary,  disaster 
relief*  All  of  these  officer  responsibilities  are 

graver  and  more  co molex.  now  that  nuclear 


more  complex,  now  that  nuclear 


warfare  has  become  a  part  of  the  Navy*  Whether 


or  not  he  expects  ever  to  be  directly  in  charge 


oi  any  phase  of  the  nuclear  weapons  program. 


every  young  officer  needs  such  information  as 


he  will  find  in  this  chapter  and  in  other  non 


classified  summaries. 


FISSION  WEAPONS 


GENERAL  REQUIREMENTS 


It  must  be  remembered  that  the  nuclear 


material  in  a  nuclear  weapon  is  always  in  a  sub- 


critical  condition  until  certain  sequential  steps 


Have  been  accomplished;  this  ensures  that  there 


can  be  no  spontaneous  nuclear  detonation.  The 


importance  of  the  Critical  mass  must  be  em- 


phasiEed*  It  is  this  inherent  feature  of  the  nu 


clear  weapon  which  makes  its  operation  unique 


among  weapons*  In  fact,  it  is  the  requirement 


that  criticality  must  first  be  attained  that  makes 


the  nuclear  weapon  hue  safest  weapon  in  the 


nation's  defense  stockpile. 


In  dlls  course  it  is  neither  desirable  nnr 


permissible  to  Cover  all  the  details  of  mi  cl  ear 


weapons 


However,  some  basic  knowledge  o| 


how  they  operate  ls  considered:  essential,  Tht 


essentials  for  a  practical  nuclear  weapon  con 


sLst  of  the  following: 


a.  A  sufficient  quantity  of  fissionable  ma 


terial  to  produce  the  desired  energy  release 


This  material  is  in  a  sub  critical  state  prior  to 


the  firing  sequence  of  the  weapon. 


b.  A 


system  for  bringing  these  sub* 


Many  of  these  billets  ire  indirectly  related  to  time. 


critical  masses  to  supero ritj cal ity  at  the  desired 


e.  Conventional  requirements  for  any  wea pee 


which  would  include  a.  power  source,  fuzing  ani 


firing:  cir  cuits,  a  means  of  control,  and  monitor¬ 


ing 


d.  Safety  and  aafing  devices* 


As  in  conventional  weapons,  nuclear  weapon* 


require  fuzing  devices  to  detonate  them,  Thesd 


fuzing  devices  consist  of:  Barometric  pressure 


switches,  sometimes  called  Bar  us;  interna. 


timers,  both  electric  and  mechanical;  sensing 


radars;  hydrostatic  pressure  switches,  com¬ 


monly  called  hydrostats;  and  contact  crystals. 


Some  weapons  have  more  than  one  typ  @  of  flizjfld 
built  into  them  and,  therefore,  have  a  fiwii^ 


option.  The  control  crystals  may  be  used  as ; 
backup  device  to  preclude  the  possibility  of  i 


dud  weapon. 
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Fissionable  Material 

As  mentioned  !n  chapter  12,  fissionable  ml- 
ferial  for  use  in  nuclear  weapons  consists  of 
suitable  isotope  of  uranium  nr  plutonium,  ^en 
3  masa  of  one  of  these  Isotopes— supercritical 

in  size  and  shape— Is  very  rapidly  formed,  a  high 
order  multiplying;  chain  relict  toil  automatically 
begins*  If  die  design  features  of  the  weapon 
permit  this  reaction  to  continue,  a  powerful 
explo&ion  will  result, 

if  the  design  features  do  not  favor  a  rapidly 
multiply  ins;  chain  reaction*  the  fission  will  pro¬ 
duce  only  a  low  order  explosion;  the  weapon  may 

even  be  a  complete  dud.  In  view  of  t ho  tremen¬ 
dous  cost  of  fis si oft able  material!1'  and  the  mili¬ 
tary  importance  of  the  targets  at  which  fission 
weapons  are  directed,  it  is  important  that  Mws- 
weapons  perform  reliably*  This  section  covers 
some  of  the  practical  problem.-  Tkat  have  beer 
met  and:  resolved  by  the  designers  of  fission 
weapons. 


much  as  a  tennis  ball  bounces  from  a  solid 

object.  This  also  increases  the  efficiency  of  the 

Weapon* 

Achieving  Criticality 

The  means  Of  achieving  criticality  depends, 
a  mens  other  things,  upon  the  total  mass  of  fie- 
5  ic  nabl  t  ma  t  e.  ri  al  ore e  nt .  I;  the  re  is  jo  st  enough 
mass*  present  to  produce  a  sustaining  chain 
reaction,  it  is  said  to  be  a  critical  mass*  If  less 
mass  were  present,  »  SUbCrittCal  mass  which 
■will  only  maintain  nonsustaining  Chain  react  ion 
results*  A  multiplying  chain  reaction  is  sup¬ 
ported  by  a  supercritical  mass. 

S  ome  oj  th  e  means  u  ged  to  inarea  se  qr  It  icality 

are; 

1,  Purifying  the  material  chemically  to 
decrease  the  possibility  of  capture, 

2,  Enrichment  of  the  fissionable  material.; 
for  example,  increasing  tine  amount  of  uranium 
235  compared  to  uranium  33 8* 

3,  Sur  round  ing  the  material  with  a  high 
density  material  which  will  reflect  escaping 


Confining  the  Reaction: 


Th*  presence  of  stray  neutrons  in  the  ionos¬ 
phere  makes  it  impossible  to  prevent  a  chain 

reaction  In  a  supercritical  mass  of  fissionable 

mat  erial .  It  i  s  n  cc  es  sa  ry  :ha  f ,  3 t o  re  d  et onnt  ion . 
the  weapon  not  contain  any  fissionable  material 
that  is  □&  large  as  the  critical  mass  for  the 
gtv^n  Conditions,  In  order  for  an  explosion  K 
occur,  the  material  muss  tbon  be  made  super¬ 
critical  within  a  very  short  time.  Extreme 
rapidity  is  necessary,  because  if  the  chain 
reaction  were  to  be  initiated  by  stray  neutrons 
before  the  fissionable  material  reached  its 
most  compact  form,  a  relatively  weak  explosion 
would  occur. 


Obviously  a  nuclear  reaction  cannot  be  con¬ 
tained  for  very  long.  Vet  this  reaction  must  be 
confined  until  it  has  gained  so  much  momentum 
that  it  will  produce  an  explosion  of  maximum 


po  w  er , 


One  way  to  Confine  the  fission  reaction  would 
be  to  use  a  high  density  material  to  provide 


inertia,  which  would  delay  expansion  Of  the  ex¬ 
ploding  material.  This  material  acts  like  the 
familiar  TAMPER  in  blasting  operations.  In 


addition  to  its  primary  function  of  confining;  the 
nuclear  reaction  during  its  early  stages,  the 
tamper  also  acts  as  a  REFLECTOR  from  which 

neutrons  bounce  back  into  the  reacting1  muss 


neutrons  back  into  the  material, 

4.  Increasing  the  density  of  the  fissionable 
material,  which  also  reduces  the  escape  prob^ 
ability. 


S.  ‘-‘&ing  shapes  with  a  minimum  surfate- 
to- volume  ratio  to  reduce  neutron  escape  (a 

sphere  would  be  ideal). 

There  is  one  other  method  that  35  used  to 
some  extent.  This  is  by  bringing  two  sub- 
critical  masses  t  aether,  thereby  increasing  the 


surf  a  c  e  - 1 0  -  v  olu  me  ratio. 


GL-N  PRINCIPLE 


One  of  the  methods  by  which  subcritic  al 
f  L  s  siona  bi  c  material  r  an  bei  j  r  ought  to  c  ri:  ica  lity 
is  used  in  GUN  type  nuclear  weapons  (fig.  13-1). 
In  this  iy j-*©  two  separated  subcritlcal  masses 
are  brought  together  to  make  a  supercritical 
mass.  Essentially  this  is  attaining  criticality 
by  increasing  the  quantity  of  fissionable  ma¬ 
terial. 


The  two  sybcritical  masses  of  active  ma- 
teriai  are  separated  sufficiently  so  that  there  is 
no  possibility  of  a  chain  reaction  developing,  and 
hence  hO  nuclear  detonation.  At  The  desired 

instant,  two  events  take  place,  First,  the  two 
gubcritical  masses  are  brought  together  in  a 
very  short  interval  of  time  to  form  a  super¬ 
mass*  This  is  accomplished  by  means 
of  firing  conventional  propellants  which  shoot 
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ACTIVE 

^-UATEAiAL 
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Wft '  Ffil  fiL  'ASSET 


SUS CRITICAL  ACTIVE  MATERIAL 

PflOJECTILE 

PH5PELLAMT 


fJCUTRON  REFLCCTOP 
TAMPER 


In  this  type  of  nuclear  weapon,,  criticality  is  rat 
achieved  by  adding  more  material,  butby  squeez¬ 
ing  the  subcritical  mass  into  a  smaller  volume 
by  means  of  tremendous  pressure.  This  in¬ 
creases  Uve  density  and  thus  the  criticality  of  the 
fissionable  mass.  The  pressure  applied  to 
squeeze  uranium  or  plutonium  into  a  smaller 
volume  is  developed  by  detonating  high  explo¬ 
sives  In  such  a  way  that  the  pressure  wave 
moves  inward,  in  other  words,  by  implosion. 
It  is  importam  to  note  that  for  A  frill  scale 
nuclear  detonation  to  take  place,  the  implosion 
I <14.68  wave  must  move  inward  from  all  directions.  To 


Figure  13-1, —Idealized  gun 


weapon 


ensure  this 


a  number  of  detonators 


are  imbedded  in  the  high  explosive  and  all  must 
detonate  at  the  same  instant. 

the  a  Tiber  it  leal  projectile  mass  through  a  type  of  When  the  explosive  is  detonated,  a  smooth 
sun  barrel  into  and  in  contact  with  a  suboritical  shock  wave  moves  inward  against  the  Sphere 


target  mass 


When  these 


masses  reach  of  active  material,  striking  it  with  equal  force 


flUfpercrtticality,  a  nuclear  detonation  re- suits. 


all  points.  A?  a  result  of  this  compression, 


Second,  by  surrounding  the  target  mass  with  a  the  material  la  increased  in  density  and  a 

suitable  tamper,  it  reflects  neutrons  back  into  multiplying  chain  reaction  automatically  begins, 

the  active  material.  Increasing  the  reaction, 
and  holds;  the  active  material  together  just  a 

little  longer,  so  that  the  enormous  pressure  built 

up  increases  the  effectiveness  of  the  explosion. 


NEUTRON  SOURCES 


I MPLOS1  OH  PRINCIPLE 


Another  method  by  which  subcrlt leal  masses 


A  question  may  arise  as  to  the  origin  of  the 
first  generation  of  free  neutrons  in  a  fission 
weapon. 

One  neutron  source  is  the  uranium  or  p In¬ 


can  be  brought  to  criticality  is  the  basic  design  tomum  as  originally  assembled  in  the  weapon, 
of  the  implosion  type  nuclear  weapon  if ig+ 13-2),  Even  in  suberitteal  masses,  these  radioactive 


A -RCR U FT  IN FLIQHT 
rJfrVTQMlNC  COffT. 


Figure  13-2.— Idealized  implosion  type  weapon. 
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sub  sea  nr  es  uncle  rg  o  a  small  a  mourn  of  spon¬ 
taneous  fission  that  results  :n  the  release  of 
free  neutrons. 


The  designer  of  nuclear  weapons.,  however, 
wishes  to  be  absolutely  certain  that  an  abundance 
o£  neutrons  will  be  available  for  use  as  soon  as 

the  becomes  supercritical*  Therefore  he 

places  in  nr  near  the  fissionable  material  a 

special  capsule  called  the  INITIATOR, 

TJits  capsule  contains  two  substances.  One 

C'ilulO  be  a  reliable  alpha  emitter  such  as  po¬ 
lonium  or  radium;  the  other  alight  element  such 
os  beryllium.  When  the  light  clement  is  bom¬ 


barded  with  an  alpha  particle,  neutrons  are 
emitted.  The  capsule  is  carefully  designed  to 
prevent  any  premature  neutron  development, 
Hie  same  mechanical  impulse  that  lor  ms  the 
supercritical  mass  shatters  the  initiator  and 
makes  emitted  neutrons  available  to  start  the 
■multiplying  chain  reaction. 


FUSION  WEAPONS 
PR  E  LI  MINA  RY 


A&  explained  in  chapter  12,  nuclear  energy 

Is  released  not  only  by  the  splitting-  of  heavy 
nuclei  (the  fission  reaction'  but  also  by  the 
joining  of  light  nuclei  to  form  heavier  ones  (the 

fusion  reaction,), 

FI,- SION  A  B  3  El  MATERIAL  is  the  material 


with  low  atomic  numbers  which  produces  nuclear 
energy  by  the  fusion  of  nuclei*  The  low  number 
atomic  nuclei  have  lower  b hiding  energies  tha : i 
uranium  Or  plutonium.  Upon  hearing  this 


statement  for  the  first  time,  one  might  question 
quite  Justifiably  why  fusion  weapons  were  i  ot 
developed  first.  The  reasons  are  several;  bur 
the  main  reason  is  the  amount  of  initiating 
energy  required. 


Energy  Requirements 


Neutrons*  the  particles  used  in  producing 

large-scale  fission  reactions,  possess  the  ad¬ 
vantages  Of  electrical  neutrality.  To  cause 


fission,  ft  free  neutron  has  to  pierce  the  binding 

energy  of  a  heavy  nucleus  that  is  already  m 
unstable  equilibrium,  but  it  does  not  have  to 
overcome  any  electrostatic  repulsion. 

When  two  light  nuclei  fuse  to  form  a  heavier 
element,  at  least  two  mutually  repellent  protons 
arc  involved.  One  proton  is  in  the  nucleus  that 


(for  the  sake  of  simplicity)  we  can  regard  ft  s  toe 

target;  the  other  is  in  the  nucleus  that  we  can 
regard  as  the  projectile.  The  projectile  nucleus 
must  be  impelled  with  enough  kinetic  energy  to 
pierce  the  nucleus  oi  die  target,  in  spite  of  the 
repulsive  forces  diat  act  between  the  two  pro¬ 
tons  or  sets  of  protons. 

The  energy  requirements  do  not  have  to  be 

guessed;  for  the  various  combinations  of  target 

ar.-:i  projectile  nuclei,  they  can  be  computed  by 


standard  formulas 


j 

oi 


nuclear 


When 


m  a  r, . 


the  United  States  began  in  earnest  to  develop 
a  nuclear  weapon,  the  fusion  reaction  WftS 
ruled  out  as  being  unlikely  of  achievement,  on 
a  practical,  scale,  by  any  means  available  to 

Alter  fission  detonations  had  been 
achieved  and  their  effects  had  been  studied,. 

however,  the  physicists  began  w  suspect  that 

the  thermal  energy  released  by  a  fission  re¬ 
action  might  possibly  be  adequate  to  start  a 
fugiou  derogation. 


A 


fission  explosion  reproduces— briefly 


and  in  small  apace— intensities  of 


and 


heat  comparable  to  those  in  thu  son.  A  fusion 
explosion  does  r+iili  more;  it  duplicates  a  part 
of  the  actual  process  by  which  the  sun  and 

OTHER  stars  produce  their  light  and  heat, 
This  process  is  not  a  chemical  burning  re¬ 
action;  it  is  a  nuclear  fusion  reaction  in  which 
four  nuclei  of  simple  hydrogen  become  one 
nucleus  of  stable  helium,  with  a  conversion  of 
mass  to  radiant  energy7.  The  next  article  will 


Summarize  the  solar  CvClO* 

SOLAR  FUSION  CYCLE*-*  Mao  has 

reproduced —on.  small  scale  under  laboratory 

O  *  t  *•  —  -  P  —  “  —  — *  * 

conditions— the  six- stage  process  by  which, 
according  to  the  currently  accepted  theory, 
the  sun  "burns  hydrogen  as  fUol,"  The  process 
involves  carbon,  which  undergoes  a  series  of 

transmutations  as  it  captures  one  proton, 
(hydrogen  nucleus)  after  another,  then  suddenly 
emits  all  the  captured  hydrogen  (now  fused  into 
a  single  helium  nucleus)  and  regains  its  orig¬ 
inal  identity.  Figure  13-3!  shows  'he  sunJs  con¬ 
tinuously  repeated  cycle. 

In  the  first  stage  simple  carbon  (C  1  *  Hoses 
with  hydrogen  (ill  ),  with  an  accompanying  re¬ 
lease  of  radiant  energy  representing  the  mass 
lost  in  the  fusion,  A  similar  fusion  and  release 

of  energy  take  place  in  the  third  and  fourth, 
stages.  In  the  second  and  again  in  the  fifth 
stage,  the  constantly  growing  nucleus  emits  a 

u  n  •  . 

positive  electron;  this  means,  in  each  instance, 
that  an  excess  negative  charge  remains  on  the 
nucleus  and,  in  effect,  converts  a  captured 
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proton  (o  a  neutron  by  count erbalanctng  its  simply  a  helium  nucleus.  The  carbon  has 


positive  charge. 


merely  anted  as  a  catalyzing  agent  to  bring 


In  the  sixth  and  final  stage  a  fourth  proton  four  hydrogen  nuclei  together  and  hasten  their 


is  captured.  If  the  previous  pattern  were  fol 


fusion  into  helium.  This  is  the  cycle  by  which. 


lowed,  the  growing  nucleus  would  ^emit  energy  for  its  millions  of  vears  of  existence,  the  sun 

has  been  heating  and  lighting  our  solar  system. 
The  astrophysicists  estimate  that  enough  hy- 


and 


become  simple  oxygen  (0^);  but 
doesn't  happen.  Instead,  the  nucleus  becomes 

violently  excited  and  emits  all  lour  of  the  tirogen  remains  to  keep  the  cycle  goinfc  for  ten 
capliired  particles,  thus  regaining  its  original  billion  more  years. 


identity  as  simple  carbon. 

By  the  time  of  emission,  the  four  captured 
protons  (two  of  which,  aa  already  noted,  have 


FUSION! ABLE  MATERIALS 

CHOICE. -In  the  sun,  then,  hydrogen  and 


been  converted  to  neutrons)  have  achieved  carbon  nuclei  take  part  in  a  revolving,  self* 
identity  as  an  alpha  particle,  which  is,  of  course,  perpetuating  process  in  which  carbon  becomes 
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Figure  1 3- 3.— Fusion  In  the  sun 
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nitrogen  and  oxygen  Isotopes,  and  then  reverts 

to  carbon  when  all  the  captured  hydrogen  fuses 

into  helium.  In  designing  the  first  fusion 
weapon,  the  physicists  decided  against  trying 
to  reproduce  the  carbon- hydrogen  cycle. 

The  reason  was  a  practical  one*  Through 

not  complex,  ihe  carbon ,  nitrogen,  and  oxygen 
nuclei  involved  tqs  this  cycle  have  higher  bind¬ 
ing  energies  than  the  two  hydrogen  isotopes 

deuterium  ;  t  i  and  tritium  Since  the 

problem  of  supplying'  adequate  initiating  energy 

was  known  to  be  difficult  at  best,  it  seemed 

wise  to  choose  the  simplest  reagents  possible. 
The  reagents  must  have  both  neinrons  and  pro¬ 
tons;  this  requirement  ruled  out  ordinary 
hydrogen,  but  not  deuterium  and  tritium* 


P  RAC  TIC  A  L 


FUSION 


As 


mentioned  briefly  in  chapter  12,  two  deuterium 
nuclei  can  fuse  in  either  of  two  ways,  as 
follow^: 


-  energy,  and 


-  neutron  -  energy. 


A  fusion  weapon  cam  then,  be  based  on 
deuterium.  The  tritium  produced  in  one  of  the 
two  possible  deuterium  fusion  reactions  is  the 

radioactive  hydrogen  isotope  identified  as  H3 
in  figure  12-Su  It  does  not  become  an  end 
product,  but  rather  enters  into  the  fusion  re¬ 
action  by  combining  with  deuterium,  as  to  Hows: 


i «  ♦  y3 


■  neutron  -  energy. 


In  the  fusion  weapon,  then,  as  in  the  sun, 
hydrogen  becomes  helium,  with  a  release  of 

energy. 

As  a  fusion  rclCtton  progresses  and  the  heat 
intensifies,  other  nuclear  reactions  may  laud 
sometimes  do)  take  place.  It  is  possible,  for 
example,  lor  the  neutrons  liberated  during 
fusion  to  cause  various  fissions  that  would  be 
unlikely  to  occur  at  lower  temperatures* 

Because  it  is  usable  from  the  beginning  oi 

the  fusion  process,  tritium  as  well  as  deuterium 

may  be  included  In  the  payload  of  a  fusion 
weapon, 

FUSION  WEAPON  CHARACTERISTICS 

Nuclear  fusion  reactions  can  be  brought 
about  only  by  means  of  very  high  temperatures 


{millions  of  degrees}  3 nd  are  referred  to  as 

thermonuclear  processes;  thus  the  term  “Ther¬ 
monuclear  Weapon,"  or  TN  weapon. 

Fusion  Sequence 

The  first  explosive  reaction  in  a  TN  weapon 
is  the  detonation  of  a  conventional  high  expletive 
or  Lhe  burning  of  a  conventional  propellant.  As 
a  result,  the  mass  of  uranium  Or  plutonium 
becomes  supercritical,  and  fi asion begins*  When 
the  temperature  becomes  high  enough,  fusion  of 
the  deuterium  i,or  deuterium  and  tritium)  nuclei 

begins.  As  the-  fusion  reaction  progresses  and 
the  heat  intensifies,  other  nuclear  reactions  may 
take  place.  The  liberated  neutrons  may  cause 
fissions  that  would  not  likely  occur  at  lower 
temperatures,  Iri  general,  the  energy  released 

in  the  explosion  of  a  thermonuclear  weapon 

originates  in  roughly  equal  a  mounts  from  fission 
and  fusion  processes. 


WEAPON  comparisons 


SIZE 


When  you  studied  the  d  I  fie  rent  types  of 
weapons  in  use  now  and  in  the  recent  past,  you 
found  that  the  yield  of  fission  weapons  was  In 

the  kiloion  range,  while  that  of  fusion  weapons 

was  in  the  megaton  range.  A  fusion  bomb  Can 
be  many  rimes  more  powerful  than  a  fission 

bomb,  A  fission  bomb  Is  limited  in  size  be* 
cause  the  nuclear  material  must  be  no  greater 
than  the  subd’itical  size.  It  would  not  be  safe 

to  handle  or  store  If  the  amount  of  fissionable 
material  in  it  were  greater* 

Fusion  weapons  arc  not  limited  m  this  way. 
It  is  no  harder  to  detonate  a  large  amount  Of 

deuterium  or  d cut er turn- tritium  than  a  email 

amount:  neither  is  it  mere  susceptible  to  ac¬ 
cidental  detonation. 

Through  experimentation,  physicists  have 
found  means  for  controlling  the  fusion  reaction 

on  a  small  scale.  Further  development  of  their 
techniques  may  make  it  possible  in  use  the 
fusion  reaction  for  nuclear  power* 


Y  IE  LD5 

The  power  of  a  nuclear  weapon  is  expressed 
in  terms  of  energy  release  (or  yield}  when  it 
explodes  compared  to  the  energy  liberatedby  the 
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explosion  of  trinitrotoluene  (TNT),  Thus,  a 
J-klloton  nuclear  weapon  Is  one  which  produces 

the  same  amount  of  energy  in  an  explosion  ns 

does  1-kiloton  (or  1,000  tons  3  of  TNT.  Similarly, 

a  I- megaton  weapon  would  have  the  energy 
equivalent  of  I  million  tons  {or  IjOOO  kilotona) 

of  TNT.  The  earliest  nuclear  bombs,  such  as 
those  dropped  over  Japan  in  1945,  released 
roughly  the  same  quantity  of  energy  as  20, ODD 
tons  Cor  20  kilotons)  of  TNT,  Since  that  time, 

much  more  powerful  nuclear  weapons,  with 
energy  yields  In  the  megaton  range,  have  been 
developed. 

The  nuclear  d donations  in  tests  carried  out 
by  die  United  States  have  ranged  from  ap¬ 
proximately  0.1  kiloton  (in  Nevada  tests j  to  15 
megatons  :in  the  Bikini  tests). 


FUZING  TECHNIQUES 
INTRODUCTION 


In  the  hypothetical  nuclear  weapons  de¬ 
scribed  in  this  chapter,  a  conventional  explo¬ 
sive  reaction  always  acts  as  the  trigger.  This 
is  foliow&d  by  the  fission  and  finally  (if  ar¬ 
ranged  for)  the  fusion  reactions.  Actually,  then, 
the  problem  of  fusing  a  nuclear  weapon  is  similar 
to  the  problem  of  fuzing  conventional  bomb 
type  or  sun  type  ammunition.  The  techniques 
may  toe  somewhat  more  sophisticated,  but  the 
essential  fuze  components— arming  system, 
detonatne,  sftfeiv  arrangements,  and  so  on— are 

all  present. 

A  nuclear  weapon  may  be  designed  to  explode 
in  the  aLr,  at  the  surface  of  the  ground  or  water, 
Or  below  one  or  the  other  of  these  surfaces . 
These  considerations  affect  the  choice  of  a  fuze. 


FUZING  FOR  AIR  BURST 


Heavy  blast  damage  to  a  target  area  is 

frequently  the  most  effective  means  of  gaining 

a  military  objective*  As  chapter  14  will  ex¬ 
plain,  a  nuclear  detonation  in  the  air  above  a 
target  produces  widespread  blast  effect. 
Several  types  of  fuzes  can  toe  used  to  initiate 
a  detonation  at  a  selected  altitude, 

R A DAR  T Y  PE.  A  f  uz  e  may  to  e  go  nsiructed  to 
operate  much  like  a  small  radar.  It  may  trans¬ 
mit,  receive,  and  compare  elect?  n  magnetic 
pulses,  and  may  fire  when  the  signal  or  com¬ 
bination  of  signals)  meets  specific  built- In 

requirements. 


The  forerunner  of  current  radar  type  Atz.es 
was  the  proximity  (for  VT)  projectile  fuze  of 
World  War  II,  Because  recent  years  have  seen 
many  improvements  in  electronic  equipment, 
radar  type  fuzes  are  likely  to  be  used  exten¬ 
sively  in  the  future. 

BAROMETRIC  TYPE.— As  the  reader  will 

recall  from  earner  studies  In  basic  sciences, 

atmosphere  exerts  pressure.  Like  water 
pressure,  atmospheric  pressure  increases  with 
depth.  The  barometric  switch  (familiarly  called 
the  BARD)  is  a  fuzing  device  that  responds  to 
a  predetermined  value  of  atmospheric  pressure. 
The  barometric  initiating  device  has  no 
exact  counterpart  in  older  bomb  type  weapons, 
ft  corresponds  roughly,  however,  to  the  con¬ 


vention^  hydros' at  s 
water  ordnance. 


are  used  in  under- 


TIMER.— Mechanical  timing  devices,  repre¬ 
senting  various  applications  ■  -T  the  dock  prin¬ 
ciple,  are  used  in  many  conventional  projectiles, 
bombs,  and  mines.  Not  all  of  these  older  clock 
mechanisms  arc  used  to  cause  firing  at  a 
preselected  instant.  Some  are  used,  instead,  to 


prevent 


from  occurring  before  a  given 


instant;  these  timers  are  associated  with  impact 
■f  Influence  devices  that  initiate  the  actual  firing. 

In  an  as  remit- launched  nuclear  weapon,  of 
course,  safety  delays  are  vitally  important  to 
protect  the  launching  craft  and  personnel .  A 
tinier  can  toe  designed  to  provide  those  delays, 
and  also  to  close  the  firing  circuit  when  the 

bomb  has  fallen  a  selected  distance  below  the 
launching  altitude.  The  dropping  speeds  of  the 

of  nuclear  bombs  arc  known: 

■ 

therefore  the  dropping  distance  is  easily  con¬ 
verted  to  an  equivalent  time  interval. 


variou  5 


FUZING  FOR  SURFACE  BURST 


A  nuclear  weapon,  like  a  conventional  one, 
may  be  designed  to  burst  at  the  surface  of  the 
ground  or  water.  An  impact  fuze,  in  which  the 
shock  of  landing  causes  one  operating  com¬ 
ponent  or  group  of  components)  to  move  wifcb 
respect  to  another,  is  used  for  surface  bursts. 
If  a  delayed  explosion  is  desired,  an  impact 
fuze  may  contain  a  timing  device  that  prevents 

the  detonation  from  occurring  immediately 

upon  impact.  A  heavy  weapon,  falling  from  a 
high  altitude,  will  penetrate  some  types  of  soil 
and  may  even  bury  itself,  A  delayed-action 
fuze  permits  this  burial  to  take  place. 


Chapte  r  13— .TRLNCfPL  ES  01-  N  UC  LEA  H  WEAPONS  A  NB  TH  Ell?  H  AND  LING 


FUZING  FOR  UNDERWATER  FUR  ST 


Nuclear  weapons,  like  conventional  ones, 
arc  capable  of  u nde r -vu t o r  detonation  by  hydro¬ 
static  fuzes,  T inking  devices  can  also  be  used 
to  produce  underwater  detonations. 


S  A  ¥  KT V  [  i  E  V  IC  E S 


Because  of  the  high  destructive  capacity  of 
all  nuclear  weapons,  the  fuzes  used  In  them 


must  have  positive  protection  against  accidental 
or  premature  arming.  Certain  types  of  gaiety 
arrangements  and  accessories  have  performed 
reliably  in  conventional  weapons.  With  adap¬ 
tations  and  refinements,  similar  safety  devices 

are  usable  in  nuclear  weapons. 

ARMING  WIRES*-. The  arming  wire  has  long 

been  familiar  to  naval  aviators.  This  wire  is 
threaded  through  a  fuse  to  keep  a  movable  com¬ 
ponent  from  taking  Its  armed  position*  During 
launching,  the  fuzes  (or  equivalent  devices) 
are  freed  from  the  arming  wires. 

in  conventional  aircraft  bombs  a  delay 
period,  provided  by  a  windmill  type  vane  and 

a  gear  train,  keeps  the  fuze  from  becoming 

armed  immediately  after  the  arming  wire  has 
been  removed.  In  che  safe  interval,  the  plant¬ 
ing  craft  escapes  from  the  darker  zone. 

'OTHER  SAFETY  FEATURES. —Inertia,  as 
i he  reader  will  recall  from  basic  physics,  is 

the  natural  tendency  of  a  material  object  (if 
stationary)  to  resist  being  set  in  motion  and 
(if  moving)  to  resist  any  change  in  the  direction 


or  speed  of  motion*  in  weapons,  the  force  of 
inertia  can  be  utilize?!  to  produce  a  safety  delay 
by  retarding  the  relative  motion  between  two 
components. 

During  the  acceleration  of  a  projectile  in  a 

gun  barrel,  inertia  tends  to  force  all  parts  of 

the  fuze  mechanism  toward  the  rear.  This 
manifestation  of  inertia  — called  SETBACK  in 
gunnery— can  be  used  to  delay  arming.  Simi¬ 
larly,  in  several  types  of  mine  accessories  and 

components*  inertia  Is  used  either  to  prevent 

an  undesired  action  or  to  cause  a  desired  one. 

Some  fuzing  arrangements  for  nuclear 
weapons  use  inertia  at  a  means  of  achieving  a 

safety  delay* 

Electrical  arrangements  constitute  another 

means  of  assuring  safety  before  and  during 
launching,  and  for  a  selected  period  thereafter. 
Nearly  all  naval  mines,  for  example,  are 
assembled  and  planted  with  Several  breaks  in 
ibe  battery- to-ddonator  circuit.  Each  break 


consists  of  a  normally  open  switch  that  will  not 
close  until  specific  requirements  have  been 

met.  Similar  but  not  identical  electrical  in¬ 
terrupters  are  used  in  nuclear  weapons. 


PRACTICAL  WE  A  P  ON  TV  P  E  S 


The  active 


mater  La  1  & 


and  other  highly  crit¬ 


ical  substances  used  in  nuclear  weapons  are  in 

limited  supply  as  well  as  being  very  expensive. 

Therefore,  a  policy  of  attempting  to  make  the 
fewest,  number  of  weapon s  cover  as  wide  a  range 
of  military  applications  as  possible  has  been 


pursued  in  the  development  of  our  nuclear 

weapons  stockpile.  This  capability  is  achieved 

by  planned  interchangeability,  and  correlation  of 
nu  clear  we  a  pon  s  design  wi  tb  concu  rr  ent  plann  i  ng 

and  development  of  delivery  vehicles.  By  means 

of  conversion  components,  bombs  can  be  con¬ 
verted  to  warheads,  a  tv]  warheads  ro  bombs.  In 

■ 

addition,  by  means  of  adaption  kits,  nuclear  war¬ 
heads  car.  be  made  compatible  with  rockets, 
torpedoes,  missiles  and  depth  bombs* 


B  OMB  £ 


Since  the  aircraft  was  the  only  practical 
delivery  vehicle  for  la r ere  weapons  during  World 

War  II,  bombs  were  the  first  nuclear  weapons  to 
be  placed  in  stockpile.  A  bomb  is  a  stockpile 


storage  configuration  of  an  aircraft -delivered, 

free-fall,  or  retarded -fa  11  nuclear  weapon. 
Major  components  and  nuclear  components  inte¬ 
grally  contained  hi  the  basic  assembly  are  con¬ 
sidered  to  be  a  part  of  the  bomb*  A  bomb  is  a 

major  assembly  designated  by  a  mk^  mod-  a  It 
system  and  stockpiled  as  a  complete  entity  of 
one  or  more  packages*  Additional  major  assem¬ 
blies  such  as  fuze,  firing  set,  radar,  power 
supply  and  nuclear  corny  on  puts  may  be  required 


to  constitute  a  complete  nuclear  weapon* 


M 1SS I L E  WA R  HEADS 


Almost  as  scon  as  fission  weapons  had  beer 
proved  practical,  the  thought  of  a  guided  missile 

with  a  nuclear  explosive  charge  began  to  Lnter- 
e h "  the  ordnance  engineers*  Since  that  time,  all 
of  the  armed  services  have  dev  sloped  reliable 

missiles  capable  of  delivering  nuclear  payloads* 
A  nuclear  warhead  normally  consists  of  a 

high  explosive  system,  nuclear  system,  elec¬ 
trical  circuitry,  and  the  mounting  hardware, 
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A  check  of  unclassified  sources  indicates  the 
following  missile?  as  having  a  nuclear  capability: 
The  Navy's  Polaris*  Asroc,  Subroc*  Talcs*  and 
Terrier;  the  Army's  Davy  Crockett,  Pershing, 
Sergeant*  Little  John*  and  the  Nike- Hercules: 
and  the  Air  Forced  Atlas,  -Matador*  Mlmiteinan, 
Titan*  Bomarc,  and  Genie. 


ATOMIC  DEMOLITION  MUNITIONS 

ADMs  are  nuclear  warheads  adapted  for  use 
as  emplaced  demolition  charges  that  can  be  used 
to  destroy  bridges*  power  stations,  etc* 

GUIDED  MISSILES 


OTHER  APPLICATIONS 
Projectile 

The  Army  has  developed  a  nuclear  projectile 

that  can  be  fired  successfully  iron  artillery 
howitzers,, 

Underwater  Weapons 


The  A  star  is  a  submarine  h  launched  torpedo 
capable  of  carrying  a  nuclear  warhead.  The 
Navy  also  has  developed  a  surface  ship-launched 
rocket  propelled  weapon  called  ASROC,  which 
may  use  a  conventional  torpedo  or  a  nuclear 
depth  charge  as  a  warhead. 


DELIVERY  SYSTEMS  AND  TECHNIQUES 
AIRCRAFT 

The  usual  advantages  and  disadvantages  oE 
conventional  aircraft  bombing  missions  apply 
equally  to  missions  involving  nuclear  weapons, 

The  airplane  is  swift  and  maneuverable;  it  can 
penetrate  far  into  enemy  territory. 

Because  of  The  large  blast  damage  of  nuclear 
bombs*  the  crew  must  be  protected  from  this 

damage  once  the  bomb  in  dropped.  One  way  to 
accomplish  this  could  be  te  insert  a  timing 
mechanism  in  the  bomb  w  provide  a  safe  separa¬ 
tion  time.  Another  method  would  to  provide 
the  bomb  with  a  drag  para  chute  to  slow  the  bomb 
U  util  a  sa  f  e  sepa  rat  ion  d  is  la  no  e  ha  $  b  een  reach  ed . 
This  is  described  as  a  retarded -fall  ho  mb.  Both 
of  these  methods  allow  the  aircraft  to  reach  a 
point  of  safety  prior  to  bomb  detonation* 

GUNS 


As  was  previously  stated  in  chapter  12,  the 
gun  is  used  by  the  Army  and  Marine  Corps  to 
fire  nuclear  projectiles  at  long  ranges.  Either 
a  proximity  fuse  or  timer  can  be  u&ed  to 

detonate  thtg  weapon* 


There  are  several  different  types  of  guided 
missiles*  lor  different  applications*  just  as 
there  are  different  types  of  launching  systems, 
from  the  short  range  Terrier  to  the  intermediate 
range  Polaris,  and  the  lung  range  Allas,  Most 
of  the  guided  missiles  now  In  stockpile  are 
adapted  for  conv ent iona  1  as  well  as  nuclear 
warfare. 

Safety  is  again  of  prime  importance;  a  self- 
destruct  package  is  an  integral  part  of  the 
warhead,  to  protect  friendly  personnel  in  case 
the  missile  goes  off  course,  or  fails  in  its 

intended  mission. 

In  the  Polaris  missile  system*  a  submerged 
submarine  is,  in  eEfect,  the  launching  platform 
for  a  deterrent  or  retaliatory  missile.  When 
used  for  this  purpose,  the  submarine  has  many  | 
advantages.  Nuclear  propulsion  and  improved 
design  have  given  the  submarine  a  ranging  power  | 
aitd  a  degree  Of  maneuverability  that  would  have 
seemed  fantastic  as  recently  as  Warld  War  H.  I 

UNDERWATER  ORDNANCE 

One  of  our  newer  weapons  used  the  con-  1 
vent  Iona  1  torpedo  tube  as  a  launching  platform*  I 
SubrOc  is  a  guided  missile  used  for  anti  sub- 
marine  warfare.  It  is  launched  from  a  sub¬ 
merged  torpedo  tube,  programmed  through  the  , 
air  to  reenter  the  water  for  a  submarine  kill,  I 
Et  provides  ranges  greatly  in  excess  of  present 
torpedo  ranges. 


SAFETY  AND  SECURITY 
SAFETY  PRECAUTIONS 

In  nuclear  weapons*  three  main  classes  of 
components  are  subject  to  specific  safety  pre¬ 
cautions.  One  class  is  the  conventional  high 
explosive  or  propelling  charge.  A  second 
class  is  the  complement  of  mechanical  and 
electrical  devices  that  provide  fur  handling, 
arming*  and  firing.  The  third  and  final  class 
is  the  nuclear  material. 
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Chapter  1 3- PRINCIPLES  OF  NUCLEAR  WEAPONS  AND  THEIR  HANDLING 


Conventional  Explosives 

As  -was  explained  previously,  high  explosives, 

propellants,  and  detonators  are  internal  parts  in 
the  construction  of  nuclear  weapons*  Doe  tothe 
presence  of  these  explosive  hazards,  the  danger 

from  fire  Or  an  accidental  detonation  is  always 

present,  just  as  with  c on1 vent  10 nal  ammunition. 

High- explosive  safety  criteria  developed  for 

conventional  weapon;-  are  equally  applicable  to 

nuclear  weapons*  whether  or  not  any  nuclear 
material  is  present* 

Electrical  and  Mechanical  Components 


In  addition  to  high  explosive-  hazards  there 
are  also  electrical  and  mechanical  safety  aspects 
o£  nucLear  weapons  The  same  adherence  to 

established  safety  criteria  muse  prevail  with 


respect  to  she  handlhu;  and  testing  of  electrical, 

electronic,  and  mechanical  components  of  nu¬ 
clear  weapons.  The  same  precautions  used 
with  high  voltage,  condensers,  etc.,  are  also  ap^ 
plicable  to  nuclear  ordnance.  Similarly,  con¬ 
ventional  mechanical  safety  precautions  in  con¬ 
nection  with  handtools,power  tools,  chain  hoists, 
dollies,  site*,  equally  apply* 


Nuclear  Weapons  Publications 


These  are  publications  promulgated  by  ‘he 
Joint  Atomic  Weapons  Publications  System. 
Generally,  all  such  publications  are  assigned 

an  ABC-DASA  number;  those  publlcati'  ns  which 
bear  upon  the  Navy  have  in  addition  a  NAVY 

Navy  Special  Weapons 


SWOP  designation 
Ordnance  Publication, 

Publications  include,  for  nuclear  weapons  and 
related  equipment:  General  information  or 


Definitions  14  -  }p  Reports  (5-),  Safety  <Z0~ 1,  As¬ 
sembly  (35-),  and  Maintenance  (40- )  series  of 
publications.  For  example,  NAVY  SWOP  ZG-l 

Is  a  publication  on  explosive  safety. 


Nuclear  Components 


AH  personnel  assigned  to  work  with  fis¬ 
sionable  or  £u si  enable  materials  must  receive 
special  training  in  the  band  ling,  storage,  and 

accounting  methods  peculiar  to  these  materials. 
Prior  to  such  training  they  must  possess  at 

least  a  secret  clearance  based,  an  a  background 
investigation* 

Although  nuclear  weapons  are  designed  to 
prevent  a  nuclear  yield  in  case  of  an  accidental 


detonation  of  a  nuclear  weapon,  there  is  still 
a  dangerous  radiation  hazard,  unless  proper 
safety  proc ■ durss  arc  followed.  Uranium  and 
plutonium  may  become  dispersed  as  small 
particles  as  a  result  of  impact  or  detonation  of 
the  high  explosives*  or  as  fumes  if  a  fire' 

occurs* 

Tha  Department  of  Defense  and  the  IT,  5, 
Atomic  Energy  Commission  have  specially 

trained  personnel  prepared  io  deal  with  M3 
aspects  of  accidents  involving  nuclear  weapons. 
For  example,  our  Explosive  Ordnance  Disposal 
school  trains  in  all  phases  of  high  explosive 
recovery  or  disposal  in  case  of  an  accident,  and 
only  trained  personnel  are  authorized  for  this 
task. 

SECURITY 


Nuclear  weapons,  because  of  their  strategic 
importance ,  vulnerability  to  sabotage, 
safety  considerations,  and  political  implicaf  tons, 
require  greater  protection  than  their  security 
classification  alone  would  warrant. 

To  prevent  the  possibility  of  accidental  or 
deliberate  launching  or  releasing  Of  a  nuclear 
weapon,  there  has  been  established  a  "two  mnJ f 
rule*  This  is  that  a  minimum  Of  two  persona 

have  access  to  nuclear  weapons,  each  capable 
of  detecting  incorrect  or  unauthorized  pro¬ 
cedure  tn  the  task  being  performed* 

Only  properly  cleared  personnel  who  have 
need  for  access  to  a  nuclear  weapon*  or  who 
have  a  need  to  enter  a  space  containing  nuclear 
weapons  will  be  allowed  entry  to  these  spaces* 
Only  personnel  of  demonstrated  reliability  and 
stability  will  be  assigned  to  this  type  of  duty. 


ELEMENTS  OF  ORGANIZATION 


PRELIMINARY 

When  the  secrets  of  nuclear  energy  were 
unlocked  by  the  discoveries  ol  scientists,  men 
high  in  government  realized  that  strict  legal 
control  must  be  enacted.  The  Atomic  Energy 
Act  of  1946  established  the  legal  means  for 
control  and  development  nuclear  energy  and 

the  materials  involved.  This  act  was  later 
amended!  by  the  Atomic  Energy  Act  of  l£o4  to 
extend  controls  over  the  expanding  research 
and  use  of  nuclear  energy,  and  to  expedite 
research  and  development  in  this  field  for  peace¬ 
ful  as  well  as  military  purposes* 
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ATOMIC  ENERGY  COMMT5 SEON 


energy  programs  as 
of  Defense* 


directed  by  the  Secretary 


The  Atomic  Energy  Commission  'A EC)  took 


The  Director,  DASA,  is  a  military  officer 


over  control  of  all  nuclear  material  from  the  or  three  star  rank  appointed  by  the  Secretary 

Manhattan  Engineer  District  in  1946*  The  A  EC  of  Defense,  upon  recommendation  by  the  Joint 

has  outright  ownership  of  all  fissionable  and  Chiefs  ot  Staff.  Normally  the  assignment  as 
fuslohable  material  tn  the  United  States,  and  of  Director, 
all  production  facilities  except  those  used  for  services, 
special  research  which  are  not  adequate  for 
production  of  nuclear  materials  in  amounts  suf-  Training 


DAS  A,  in  rotated  among'  the  military 


ficient  for  use  in  nuclear  weapons* 

'file  AEC  ig  composed  of  five  members,  one 
of  who  m  Is  d  esignat  ed  as  cha  i rman+  Th  e  s  e  m  e  m  - 
bers  are  appointed:  by  the  President  of  the 

United  States,  with  the  advice  nr;d  con  *  ei  i  ?  nl 
the  Senate* 

The  Joint  Committee  on  Atomic  Energy  is 
a  congressional  standing  committee  composed 
of  nine  Senators  and  nine  Representatives. 
This  committee  makes  continuing  studies  of  tEie 
activities  of  (he  A  EC  and  atomic  energy , 

The  Military  Liaison  Committee  is  com¬ 
posed  of  a  civilian  chairman  assistant  io  the 
Secretary  of  Defense  for  Atomic  Energy)  and 
two  representatives  each  from  the  departments 
of  the  Navy,  Army,  and  Air  Force,  Tills  com¬ 
mittee  advises  and  consults  with  the  A  EC  on 
all  matters-  that  it  believes  relate  to  military 

of  nuclear  weapons  or  nuclear 

energy,  including  development,  manufacture, 


use,  and  storage  of 


weapons,  and 


allocation  of  special  nuclear  material  for 
military  research,  and  the  control  of  informa¬ 
tion  relating  to  the  manufacture  or  use  of  nu¬ 
clear  weapons.  The  chairman  of  the  Military 
Liaison  Committee  is  appointed  by  the  President 
with  the  advice  and  consent  of  tlic:  Senate* 

The  Division  of  Military  Application  directs 

the-  research,  development,  production,  testing:, 
custody*  and  storage  readiness  assurance  of 

It  manages  related  AEC 
comm Jruiies*  and  assists  in 


weapons* 

installations  and 


maintaining  liaison  between  the  AEC  a od  the 
Department  of  Defense*  T3ie  Director  of  the 
division  Is  a  member  of  the  Armed  Forces  ->n 
active  duty* 


DEFENSE  ATOMIC  SUPPORT  AGENCY 


'[fie  defense  Atomic  Support  Agency  (DASA) 


DASA  supplies  training  courses  to  fulfill  (he 
requirements  of  the  military  departments  for 
technically  qualified  personnel  in  the  fields  cf 
nuclear  weapons  assembly,  maintenance,  nu- 
el  ear  hazards,  safety,  and  emergency  dem¬ 
olition  of  weapons;  and  other  fields  that  deal 
with  specific  technical  aspects  of  the  overall 
nuclear  weapons  program*  Teair.  training  of 
nuclear  weapons  assembly  teams  usually 
accomplished  at  the  Nuclear  Weapons  Train¬ 
ing  Centers  for  naval  personnel. 


Technical  Services 


DASA  provides  technical  information  and 
advice  that  is  requested  by  the  Services  in 
connection  with  their  operation  of  assigned 
storage  3 bee,  transportation,  and  other  basic 
logistics  functions  required  tn  support  of  forces 
assigned  tn  the  commanders  of  unified  and 

specified  commands*  DASA  prepares  and  sub- 

of  Staff  for  review 


mits  to  the  Join! 
and  approval,  integrated  lull- scale  weapons 
effects  test  programs,  and  provides  technical 
liaison  and  assistance  for  operational  evaluation 
tests  of  weapons  system  involving  nuclear 
detonations  that  have  been  approved  by  the 
Services* 


STOP  1C-E  SITES 


These  are  installations  maintained  for  the 

storage  nf  nuclear  weapons  material  and 
ancillary  equipment  where  storage  inspection, 

storage  monitoring,  assembly,  or  retrofit  (or 

any  combination,  of  these)  may  be  performed, 


National  Stockpile  Site 


Tins  ia 


is  the  designated  agency  of  the  Department  of  continental 


It  provides  support  to  the  Secretary 
nj  Defense,  the  Joint  Chiefs  of  Staff,  and  the 


installation  located  within  the 
States  winch  has  facilities 
for  storage*  storage  inspection,  assembly,  ana 
authorized  modification  of  nuclear  and  non- 


military  departments  in  matters  concerning  nuclear  components  of  nuclear  weapons,  Weap- 
nuclear  weapons  testing  and  such  other  nuclear  ons  stored  at  a  National  Stockpile  Site  are 
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normally  in  the  custody  of  A  EC,  The  Instil-  STORAGE  CONFIGURATIONS 

Mian  Is  jointly  operated  and  Occupied  by  A  EC 

and  DASA.  Stockpile  Storage 


Operational  Storage  Site 


These  sites  have  the  same  function  as  N&9sh 
except  that  they  are  Jointly  occupied  and  operated 
by  AEG  and  one  of  the  Services, 

Service  Storage  Facility 


This  is  a  service- ope  rated  and  controlled 
site,  located  within  the  continental  United  States, 
which  has  the  capability  lor  storage  and  partial 
'UL  complete  storage  monitoring  of  nonnuclear 
components,  Lt  may  also  have  this  capability  for 

nuclear  components. 


Snips  as  Sites 


There  are  two  classes  of  ships  eejuipped 


to  store  nuclear  weapons.  These  are  classed 

tts  combatant  ships  and  support  ships. 


Combatant  ships  have  the  capability  for 

a  nuclear  weapon  to  a  target  by 
ea  n  s  Of  a  i  re  ra ft  or  ml  ssile  s .  Th  e  se  sh  ips  m  a y 
have  a  lull  or  partial  capability  for  storage 
inspection,  maintenance,  monitoring,  and  as¬ 
sembly  of  nuclear  and  nonnuclear  components. 


Support  ships,  such  as  AEs  and  AKAs,  have 
facilities  for  the  storage  and  transport  of 
nuclear  weapons  and  for  performing  partial 
storage  monitoring.  Weapons  are  stored  in 
either  stockpile  storage  or  non  ready  storage. 


This  is  storage  of  weapon  major  assemblies 
in  a  disassembled  state.  Generally,  each  of 
these  assemblies  is  packaged  and  sealed  in  an 

individual  container, 

Operational  Storage 

Operational  storage  15  any  storage  condition 
occurring  in  the  stockpile -to- target  sequence 
following  removal  of  the  weapon  components 
from  stockpile  packages  for  partial  assembly. 

Non  ready  Storage 

This  is  storage  of  nuclear  weapons  that  are 
partially  assembled,  or  in  an  unpa okayed  con¬ 
dition  which  will  require  more  assembly  and 
testing  than  when  in  a  ready  storage  condition. 
Nqnready  storage  is  used  to  reduce  assembly 
time  from  that  required  for  a  stockpile  con¬ 
dition,  to  conserve  storage  space,  or  afford 
greater  ease  Of  handling. 


Ready  Storage 

Ready  storage  is  storage  of  a  nuclear  weapon 
in  i  partially  assembled  and  tested  condition 
which  will  permit  completion  of  assembly  in  the 

shortest  time  possible. 

Assembled  Storage 

This  is  storage  of  nuclear  weapons  in  a 
specific  condition  of  operational  storage  and 
completely  assembled,  or  less  those  com¬ 
ponents  that  are  to  be  assembled  at  the  time  of 
loading  or  during  delivery  to  The  target. 


CHAPTER  14 


EFFECTS  OF  NUCLEAR  WEAPONS 


INTRODUCTION 


PRELIMINARY 


ttiat  C3ji  be  expected,  a :  id  will  mention  defensive 


measure  a. 


Whenever  a  new  weep  on  is  proposed,  two 
questions  arise.  First,  what  can  this  weapon 
do  for  us  :n  combat?  Second,  If  the  enemy  uses 

the  weapon  agataflt  us,  what  defensive  action  can 
we  hake?  The  answers  to  these  questions  are 

seldom  Simple,  even  when  Ihe  weapon  is  a  '"con¬ 
ventional^ 


COMPARISONS 


C O X YENTlONAL  REACTION 


t  y  p  e . 


For  nuclear  weapons,  the 


answers  are  no  implicated  by  two  major  factors: 
fU  the  explosion  Is  a  very  large  one;  and  (2)  the  dance. 


a  conventional  explosion  is  a  chemical  rear- 

An  initiating  impulse— usually  heat  or 
is  applied  to  a  substance  whose  molecules 
contain  oxygen,  carbon,  and  hydrogen  in  abun- 

■vtien  initiated,  explosive  substances 


explosion  is  accompanied,  and  often  followed  as  xidUi  i.hurn’i  n -uch  mure  rapidly  than  ordinary 


well,  by  ionlzlnk:  radiation. 


combusti!  le  materials.  HIGH  explosives  (ills 


’Wien  these  two  facts  first  bee  a  me  public  substance  a  used  as  the  burster  charge  in  con- 
knowledge,  a  certain  amount  of  hysteria  was  ventional  bomb- type  ammunition)  are  said  to 
inevitable-  Hysteria  still  characterizes  muck  detenate  rather  than  to  burn  in  thr-  usual  sense, 
of  the  popular  thinking  about  nuclear  weapons.  The  detonation  propagates  itself  as  an  intense 
Unbiased  information,  honestly  faced  and  an-  shn  k  wave,  followed  immediately  by  a  release 

alyzed,  is  an  antidote  to  hysteria  *  A  great  deal  of  energy  in  :hc  form  of  intense  heat. 


of  information  on  the  effects  of  nuclear  weapons 


has  now  been  made 

Gove  r  nme nt  pu bli  c at  Ion s . 


I  ring  T h:  s  a 1  m 0 5*  inst  a nta ncous  pr  ac e ss,  rhe 


in  unclassified  original  moieuclcs  break  up  and  their  atoms 

for  these  rec  mb  in?  to  form  more  stable  compounds.  Only 


have  come  from  two  main  sources—  the  electrons  in  the  outermost  shells  of  the 

the  World  War  11  detonations  over  Japan  andtfte  ^toma  are  involved  in  molecule  formation,  and  £ 

postwar  test  ink  program.  comparatively  small  amount  of  energy  is  suf- 

Out  of  the  wealth  of  available  information  ficient  to  fret  the  atoms  from  one  molecular  fbr* 

this  chapter  endeavor*  to  summarize  the  detg il s  matiun  and  recombine  them  in  another.  Thetcti- 

mosi  likely  to  be  useful  Ed  a  junior  version  of  mass  to  energy  in  this  process  is 


that 

officer,  Regardless  Of  specialty,  every  officer  small 


has  cause  to  be  familiar  with  the  effects  of 
nuclear  explosions. 


Most  of  the  energy  of  heat  is  converted  to 


enrrgy 


motion  'hat  bursts  the  container  and 


P  LA  N 


sene  s  a  \  las-  wave  through  the  air,  ur  a  shod 


wave  through  the  earth  (or  water). 


It  is 


P  nrna 


this  blast  >r  shock  wave  that  causes 


The  brief  second  section  of  this  chapter  will  damage. 


review 


»; 


nd,  where  necessary,  amplify— the 


How  ever,  Uie  amount  and  type  of  damage  car 


major  co  mpar  isons  a  nd  ei  ■  nt  r  a  s  t  a  l  et  ween  c<  m  -  b  c  tn  od  if  t  ed  t  v  a  numb  er  of  c  on  side  rations .  Them 

ventional  and  nuclear  weapons.  The  body  of  include  (but  arc  n  at  necessarily  limb ed  to)  Uie 
the  chapter  will  analyze  the  effects  of  several 


possible  types  of  nuclear  explosions. 


Con* 


type  and  amount  of  the  explosive  substance,  the 
strength  -  f  the  target,  and  the  distance  betweeE 


eluding  sections  will  analyse  the  types  of  da  mage  the  Larget  and  the  i>olnt  of  detonation,  Frequently 
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W  E  A  PONE 


5Jie  target  is  shattered;  sometimes  it  is  ignited  class  by  itself*  Because  nuclear  radiation 
immediately.  More  frequently,  fire  da  mage  to  the  cannot  ordinarily  be  discerned  by  any  of  the 
target  occurs  {if  at  all)  as  a  secondary  result  of  five  senses,  and  because  the  average  person 
shock  damage  to  fuel  systems,  stowed  <?x-  has  a  vague  and  partially  erroneous  idea  of  die 
plosives,  or  power  lines*  If  the  target  is  a  ship,  phenomenon,  this  aspect  of  a  nuclear 
it  may  sink  because  it  has  been  damaged  beyond  explosion— even  more  than  the  heavy  blast  and 
Us  capacity  for  rapid  repair;  or  it  may  remain  shock  damage-is  a  possible  source  for  panic, 
waterborne  but  be  unfit  for  combat.  The  next  section  will  describe  the  several 

A  successful  conventional  detonation  i$ likely  major  classes  of  nuclear  explosions,  and  will 
lo  kilt  or  injure  at  least  a  few  personnel*  Some  summarize  the  effects  of  each  on  a  target  area* 
fatalities  or  casualties  occur  Immediately  and 
ire  unavoidable*  Still  others  occur  as  a  result 

i>f  secondary  effects*  Their  causes  may  be  NUCLEAR  EXPLOSIONS 

falling  or  flying  objects,  short  circuits,  fire, 

flooding,  or  other  resulting  manifestations  of  DISTRIBUTION  OF  ENERGY 
explosive  violence*  A  taut  ship  or  station 
endeavors  to  keep  secondary  casualties  to  a 
minimum*  This  can  be  accomplished  with 
enlightened  foresight,  training,  and  discipline. 

The  explosive  force,  detonation  velocity* 
sensitivity,  and  other  properties  of  military,  ex¬ 
plosives  vary  for  different  types  but  all  are 
measured  In  terms  of  TNT* 


When  a  nuclear  explosion  occurs,  the 
strength  of  its  blast  or  shock  wave  pressures 
is  tremendously  greater  than  from  a  chemical 
explosive  (compared  per  unit  weight  of  ex¬ 
plosive)*  It  also  radiates  an  end rmous  amount  of 
thermal  energy  (heat).  The  nuclear  radiation 
released  info  the  atmosphere  is  a  more  ominous 
aspect  of  the  event* 

Figure  14-1  shows  how  energy  is  d i st ritmted 
in  a  representative  nuclear  explosion*  About  85 
percent  of  the  total  energy  appears  ^rst  as 
intense  heat.  Almost  immediately  a  consider¬ 
able  part  of  this  heat  is  converted  to  blast  or 
shock:  the  r enabling  thermal  energy  moves 
radially  outward  as  heat  ami  visible  light. 


NUCLEAR  REACTION 


rhe  forces  binding  the  atomic  nucleus  to¬ 
other  are  vastly  stronger  than  the  forces 
binding  atoms  into  a  molecule.  To  break  these 
forces,  a  comparatively  targe  amount  q £  matter 
must  be  converted  to  energy. 

A  nuclear  explosive  reaction,  like  a  con¬ 
ventional  one,  is  characterized  by  intense  heat 
and  a  heavy  wave  of  blast  or  shock.  The  heat 
is  many  tunes  higher  than  in  a  conventional 
explosion;  the  shock  wave,  in  addition  to  being 
stronger,  moves  more  slowly  and  covers  a  much 
cr eater  area.  Tf  all  or  even  part  of  a  nuclear 
explosion  takes  place  in  the  air,  winds  of  a  high 
velocity  are  generated* 

Secondary  effects— falling  and  flying  objects, 
damaged  pipelines  arid  wiring  systems,  and 
(Ires— are  more  numerous  and  extreme  :han 
liter  3.  conventional  explosion*  Unavoidable 

fa aual ties  may  be  numerous.  Unhappily,  other 
casualties,  some  of  which  could  be  avoided  by 
■JSing  elementary  knowledge  and  taking  simple 
precautions,  are  liable  to  be  very  numerous* 

In  thee  e  respects  a  nuclear  explosion  differs 
from  a  conventional  one  in  degree  more  than  in 
kind*  In  another  respect— the  certainty  of  con¬ 
comitant  nuclear  radiation  and  the  possibility1 
or  probability  of  residual  radioative 
contamination— the  nuclear  explosion  is  in  a 


THErtVAl 

RADIATION 


RESIDUAL 

VyCLEAIt 
RADIATION  1Q% 


IN:T.AL  ^ 

RAC  I-TIC'N  3  ■  :■ 


re  1 4- 1.— A  typical  nuclear 

distribution  graph* 
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Some  a  percent  of  the  total  energy  appears 


The  three  parts  of  figure  14-2  show  what 


immediately  as  invisible  but  extremely  powerful  happens 
nuclear  radiation— alpha  particles,  beta 
tides,  gamma  rays,  and  neutrons.. 


the  first  11  seconds  alter 


detonation 


Thi3  is 


An  air  burst  is  defined  as  one  in  which  the 


the  fireball  (at 


maximum  brilliance  in 


called  initial  (nuclear ;  radiation.  The  residual  Weapon  is  exploded  in  the  air  at  an  altitude 
nuclear  radiation  occurs  over  a  long  time;  it  below  100,000  feet,  but  at  such  a  height  that 

is  produced  by  the  decay  of  the  numerous 
radioactive  isotopes  that  are  formed  by 

sion  reaction- 

In  nuclear  fusion  reactions,  the  actual 


mass 


quantity  of  energy  liberated  for  a 
of  material  depends  on  the  particular  isotQpe 
(or  isotopes)  involved. 

The  fraction  of  the  explosion  y tele!  received 
as  thermal  energy  at  a  distance  from  The  burst 
point  depends  on  the  nature  of  the  weapon  and 
particularly  on  the  environment  of  the  ex¬ 
plosion-  For  a  detonation  in  the  atmosphere 
below  about  100,000  feet  altitude,  it  ranges  from 
about  30  to  40  percent.  At  higher  altitudes 
where  there  is  less  air,  the  proportion  rtf  ther¬ 
mal  energy  is  increased,  and  the  proportion  of 
fission  energy  converted  to  blast  is  decreased. 

At  the  other  extreme,  to  an  explosion  com¬ 
pletely  confined  under  the  earth,  there  would 
be  no  escape  of  thermal  radiation. 

The  15  percent  allotted  to  nuclear  radiation 
in  figure  14-1  is  appropriate  for  a  fission 


its  later  stages.:  does  not  touch  the  surface  of 
the  earth,  in  a  1 -megaton  weapon  tiie  fireball 
may  grow  to  nearly  5,  BOO  feet  (1.1  milefl)&crose. 

If  the  explosion  takes  place  about  100,000 
feet  altitude,  it  :s  a  high -altitude  burst.  The 
fireball  characteristics  are  different  because 

of  toe  low-density  air* 

Very  soon  after  the  nuclear  weapon  is  trig¬ 


gered,  a 


multiplying  nuclear  reaction 


vaporises  all  parts  of  the  weapon  and  its  con¬ 
tainer,  The  reining  matter  appears  as  an 

extremely  hot  and  brilliant  fireball 

small  sun.  The  fireball  radiates  heat,  light, ana 

nuclear  emissions. 


Blast  Damage 

The  reaction  causes  a  blast  wave  (the  priniar- 
shock  front)  to  move  outward  from  the  fireball. 
The  air  immediately  behind  this  front  acts  as  s 
terribly  violent  wind.  In  the  first  portion  of 
figure  14-2  the  blast  wave  has  not  yet  reached 


In  a  thermonuclear  (fusion)  device,  in  GROUND  ZERO  (the  point  directly  below  tat 


weapon, 

which  only  about  half  of  the  tor a  I  energy  arises 

from  fission,  the  residual  radiation  carries  only 

about  5  percent  of  the  energy  released  In  the 

explosion.  In  contrast  to  thermal  radiation,  the 

quantity  of  nuclear  radiation  is  independent 

of  the  height  of  burst.  However,  the  attenuation 
of  the  initial  nuclear  radiation  is  determined  by  from  ground  aero.  The  second  part  of  figure 


detonation  point).  The  light  rays  and  the  equal  >. 
swift  gamma  rays,  however,  have  done  so. 
When  the  primary  blast  wave  (incident  wave 
strikes  ground  sero  with  an  impact  like  that  o: 
a  tremendous  hammer,  a  second  or  REFLECTED 

blast  wave  begins  to  move  upward  and  out  war: 


the  total  amount  of  air  through  which  it  travels, 
and  the  dispersion  of  the  radiation  pro-ducts 
also  varies  with  the  height  of  the  explosion. 
Other  factors,  such  as  wind,  also  affect  the 

dispersion  of  radioactive  particles. 


14-2  show's  the  reflected  wave.  At  points  on  tht 
surface,  the  impact  of  the  two  waves  is  felt 

This  is  true  aleo,  for 
of  points  ABOVE  the  surface  in  tint 


purposes, 

victoity  of  ground  zero. 


i 


REPRESENTATIVE  AIR  BURST 


As  chapter  13  mentioned,  an  air  burst  over 
a  target  is  frequently  the  most  efficient  means 
of  accomplishing  a  military  objective.  A 

1-megaton  detonation  (equivalent  in  destructive 

power  to  ft  million  ton s of  TNT) has  been  selected 
for  study  in  this  article.  For  a  weapon  of  lower 
yield,  the  distance  and  the  time  intervals  would 
be  shorter;  for  a  more  powerful  weapon,  they 
would  toe  longer. 


At  points  somewhat  farther  out,  such  a  P  and 

Pli  in'  figure  14-3,  however,  an  object  above 

the  surface,  auch  as  the  top  of  a  tall  smokestack 
or  a  television  tower,  would  receive  two  distinct 
blows.  It  would  be  struck  first  by  the  incident 
wave  moving  radially  outward  from  the  fireball 
and,  shortly  thereafter,  toy  the  reflected  wav& 
moving  radially  outward  from  ground  zero. 

As  one  goes  farther  out  from  ground  zero, 
however,  the  angular  ii stance  between  the  in¬ 
cident  wave  and  the  inflected  wave  decrease*. 

the  two  waves  are  moving  more 


In  other 


nearly  in  the  sain  to  direction.  Also,  the  reflected 


A/i  J 
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ure  14-2.— Three  stages  in  the  development  of  a  1- megaton  air  burst  at  6,500  feet  height. 
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Figure  14- 3 ^Formation  of  the  Mach  front 


wave  tends  to  move  faster,  since  the  incident  stem 


moved  outward  about  3  miles 


wave  has  compressed  the  air  through  which.it  ground  zero,  The  overpressure  is  about 


will  move.  At  some  point  between  P11  and  P111  pounds  per  square  inch,  and  the  wind  isblnwi 


in  figure  4-13,  the  two  waves  begin  to  be  felt  as  at  180  miles  per  hour.  This  is  the  aituati 


a  single  strong  shock,  net  only  at  the  surface  shown  in  the  third  part  of  figure  14-2. 


(as 


but  above  it  as  well 


This  joint 


By  the  end  of  37  seconds,  however. 


marks  the  beginning  of  the  MACH  FRONT.  For  ntricalit  changes  have  taken  place,  as  shown 


the  explosion  shown  in  figure  14 


the  over- 


re  14-4.  The  overpressure  has  dropped 


pressure  {excess  over  normal  atmospheric  a  single  pound  per  square  inch,  and  the  veloci 


pressure)  of  the  Mach  front  at  its  point  of  origin  of  the 


behind  the  Mach  stem  is  mere;. 


is  16  pounds  per  square  inch. 


40  miles  per  hour.  The  fireball  has  ceased 


A?  the  combined  waves  more  further  from 


much  heat,  but  is  still  emitting  gam 


ground  zero,  the  Mach  front  elongates  itself,  rays  given  off  by  the  decay  of  various  short 


forming  the  Mach  STEM,  shown  extending  almost  lived  radioactive  isotopes  formed  during  th; 


vertically  from  points  P“’1  and  F*v  in  figure  fission  reaction.  This  ts  an  example  of  residua 

14-3.  --  -J-L  J  ■*■ — -  *■  ^ 


or  a  tall  object  located  radiation,  as  distinguished  from  the  inititi 


ABO\  E  the  triple  point  at  the  upper  end  of  the  radiation  given  off  as  an  immediate  result  of  to 


Mach  stem  will  feel  two  separate  blast  waves,  explosion. 


An  object  BELOW  the  triple  point  will  feel  the 


cs  mb  l  n  ed  blast  waves  as  a.  single  powerful  blow. 


Though  it  no  longer  glows,  the  fireball  i ; 


still 


hot.  It  rises 


like  a  hot-gs: 


The  Mach  effect  is  one  reason  for  the-  long-range  balloon,  sucking  air  inward  and  upward  after  K 


shattering  power  of  a  nuclear  nir  burst. 


This  suction  phase  nf  the  burst  creates  $tro 


Behind  the  primary  shock  wave  and,  after  winds,  opposite  in  direction  to  the  Mach  wi 


its  formation,  behind  the  Mach  stem,  a  strong,  Near  ground  zero  these  AFTERWINDS  pull  up 


swift  wind  blows  almost  horizontally  outward  ward  a  large  amount  of  surface  dirt  plus  mucl 


from  ground  zero.  In  its  destructive  power,  of  the  lighter  debris  from  buildings  shatter edb 


this  wind  is  like  a  concentrated,  short-lived  the  blast,  This  windbome  material  forms tli 


hurricane. 


stem  or  center  column  of  the  mushroom  don 

I  .  «  _L  X  J  “  J  -  l  p  ca  m-  ■  ■  ■  kH 


While  the  Mach  front  is  being  formed,  the  that  is  characteristic  of  a  nuclear  air  burst,  I 


fireball  is  still  radiating1  large  amounts  of  heal:,  figure  14-4  the  cloud  has  begun  Lo  form. 


light,  and  nuclear  emissions.  By  the  end  of  11 


the  second  minute  after  a  l^megak 


seconds,  for  a  1  -megaton  explosion,  the  Mach  detonation,  the  top  of  the  mushroom  clouds 


E 


] 


c 


t 


\ 
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Figure  14 -4. -“Development  of  mushroom  cloud  and  the  Mach  front  after  a  1-megaton  air  burst. 


about  7  miles  in  the  air.  The  a  it  or  winds  are 
blowing  inward  toward  ground  zero  or  about  200 
miles  per  hour* 


Radial  ion  Hazard 


The  mushroom  cloud  consists  mainly  of 

vaporized  fission  products  and  other  bomb 
residues,  plus  some  of  the  lighter  material 
carried  up  through  the  center  column.  The 
fission  products,  of  course,  are  highly  radio¬ 
active* 

After  10  minutes  the  mushroom  cloud  is  aJbout 
1$  miles  in  the  air  and  has  spread  out  con¬ 
siderably.  In  time,  normal  winds  disperse  the 
cloud,  thus  spreading  Its  conte ms  over  a  wide 
irea  and  diluting  them. 

Because  some  of  the  radioactive  fission 


products  have  very  short  half-lives,  the  total 
radiation  hazard  is  constantly  decreasing  by 
decay  as  well  as  by  dispersal.  If  does  not 

completely  vanish,  however.  Fission  products 
with  long  half-lives,  and  diminishing  quantities 
of  those  with  short  half- lives,  remain.  Some 


of  these 


i 


in  time,  be  borne  earthward  on 


raindrops,  f-:r  droplets,  or  du^t  particles:  or 


they  may  descend  by  their  own  weight 


This 


re  turn  mg  radioactive  material  constitutes  the 
fallout  that  is  a  peculiar  hazard  of  nuclear  ex¬ 
plosions. 

The  fill  ast  from  i  high  air  burst  may  be 
Carried  &reaJ.  distances  by  wind  drift,  to  become 

?  sc r i ou s  ih r ea t *  Si ront iu::i-90 an d  cesium-137 


are  radioisotopes  with  long  half-lives  that  hn v ■ 
drifted  over  large  areas  of  the  earth  as  delayed 
fallout.  They  get  into  food  and  water  and  thus 
are  a  biological  hazard.  These  tiny  radioactive 
particles  are  earned  in  a  jet  si  ream  of  moving 
air  that  circles  the  earth  at  the  edge  ol  the 
i ropopa if se,  and  are  brought  to  earth  by  rain  or 
snow  or  by  gradual  fallout*  A  rise  in  the 
strontium*90  count  in  milk  in  the  United  States 
may  be  a  confirmation  of  a  nuclear  detonation 
over  Siberia,  Fallout  from  some  of  the  other 
types  if  burst s,  however,  is  a  major  hazard  in 
the  more  immediate  area  of  the  burst. 

The  student  should  clearly  understand  that 

a  nonfission  ed  water  droplet  or  dust  particle 
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nn  preferred  methods  of  construction  and  ma¬ 
terials  to  use  for  shelters.  These  aspects  are 
discussed  later  in  this  chapter. 

Because  it  is  particularly  destructive  of 
structures  and  equipment  (and  because  of  min¬ 
imized  radioactive  alter  effects),  an  airburst 
above  h  target  area  is  likely  to  be  a  preferred 
method  of  nuclear  attack.  Other  classes  of 
bursts  are  possible,  however.  It  is  therefore 
necessary  to  notice  how  each  compares  with  an 
air  burst. 


does  not  itself  become  radioactive  by  acting  as 
;l  vehicle  for  a  radio  active  isotope.  All  it  does 
is  to  convey  this  product  of  the  original  explosion 
i com  the  upper  atmosphere  to  soma  place  where 
it  may  possibly  he  picked  u[j  by  a  living  organism. 

In  considering  a  bomb  of  greater  or  lesser 
yield  than  a  megaton,  the  order  and  nature  of 
tile  events  in  an  air  burst  will  be  as  outlined  in 
this  article  but  the  statistical  values  will  be 

different. 

An  air  burst,  then,  produces  intense  heat 
(thermal)  radiation,  initial  nuclear  radiation 
from  the  fireball,  residual  nuclear  radiation 
from  the  fission  products  in  the  mushroom 
cloud,  great  changes  in  atmospheric  pressure, 
and  strong,  high-velocity  winds,  first  away  from 
ground  zero  and  later  toward  it.  At  and  near 
ground  zero,  any  or  all  of  the  primary  effects 
are  fatal  to  personnel,  The  combination  of 
pressure  and  wind  destroy  s  all  light  buildings, 
and  possibly  all  buildings  whatsoever* 


SURFACE  BURSTS 


if  an  air  detonation  takes  place  at  a  very  low 
altitude,  part  of  the  fireball,  in  its  rapidly 
growing  early  stages,  touches  the  surface  of 
ground  or  water.  This  type  of  nucl car  explosion 
is  defined  as  a  surface  burst. 

The  intense  heat  of  the  fireball  vaporizes  a 
large  amount  of  soil  dr  water.  This  vaporized 
{bun  ordinarily  not  fissioned)  extraneous*  ma¬ 
terial  remains  In  the  fireball  as  it  rises.  Is 

addition,  the  suction  pha^c  of  the  explosion 
carries  much  more  debris  into  mushroom  stem 
(center  column)  chap  would  be  expected  in  an  air 
burst  (fir*  14-5). 


P  e  r  s  tjnnc  1  P  r  ot  ec  t  ion 


Beyond  the  area  of  total  immediate  de¬ 
struction,  blast  ^nd  wind  da  mage  a  re  still  heavy* 
Fires— resulting  cither  from  the  initial  heat 
radiation  or  from  various  secondary  causes— 

■i 

soon  reach  dangerous  proport  ions.  Unprotected 
personnel  may  be  killed  or  injured  by  radiation, 
by  falling  buildings,  by  blows  or  lacerations  f  rom 
falling  or  wfndborne  objects,  or  by  secondary 
fires.  Many  in  underground  shelters,  and  many 
above  ground  who  have  learned  and  applied 
elementary  defense1  procedures,  can  save  them¬ 
selves  or,  if  injured,  can  be  saved  by  well* 
drilled  rescue  teams*  The  human  body  is  much 
more  tolerant  of  short-term  overpressure  than 
even  the  strongest  buildings  are.  It  is  the 
secondary  effects  of  overpressure— crumbling- 
walls  and  flying  glass,  for  example— that  cause 
most  injuries.  The  appalling  casualties  in  the 
Japanese  bombings  were  due  in  larcc  measure 
to  the  twin  dements  of  complete  surprise  and 

unpreparedness.  Many  thousands  of  lives  enuid 
have  been  saved  had  the  people  been  alerted  and 
trained  in  self- protection  in  the  event  of  nuclear 
attack.  Extensive  and  intensive  studies  Of  all 
aspects  of  those  bombings  have  shown  quite 

clearly  how  to  protect  yourself.  Various  types 

of  buildings  and  shelters  have  been  tested  during 
our  nuclear  weapons  tests,  and  from  these 
studies  recommendations  have  been  published 


-Formation  of 
surface  burst. 


Chapter  14  _  E  F  F  EC  TE  OF  ntt  'C  L  E  A  II  WE  A  PONS 


As  the  fireball  cools,  the  vaporized  foreign 
material  condenses  into  minute  particles  in  die 
mushroom,  cloud-  The  heavier  debris  im¬ 
mediately  ialls  back  fairly  near  the  point  of 
burst;  ihc  lighter  particles  may  re  main  airborne 
for  a  long  limit,  Radioactive  fission  product s 
may  cling  to  any  or  all  of  the  non- fissioned 
particles,  The  surface  burst  therefore,  carries 
a  much  greater  threat  of  hazardous  radioactive 
fallout  than  an  air  burst  docs-  Though  the 
danger  from  the  fallout  of  heavy  particles  is 
y  reate st  near  the  target  where  dani^-ie  from 

other  causes  is  also  severe)  the  airborne  lighter 
particles  may  seriously  contaminate  wide  areas* 
In  the  test  at  Bikini  atoll  in  1954,  substantial 
contamination  spread  over  an  area  of  over  7,000 
.square  miles.  Fallout  can  continue  even  after 
the  cloud  cat;  no  longer  be  seen. 

it  is  estimated,  (or  example  t  that  a  l-mc'aton 
bomb,  exploded  on  the  surface  of  the  ocean,  would 
convert  about  20, DOG  ions  of  water  to  vapor.  At 
a  high  altitude,  this  water  vapor  would  condense 
into  droplets  like  those  in  an  ordinary  cloud, 
with  the  serious  difference  that  many  droplets 
would  be  vehicles  for  radioactive  fission  pro¬ 
ducts.  By  the  time  these  contaminated  droplets 
fall  asrain,  they  might  be  hundreds  oi  mi  lea  from 
the  point  of  detonation* 

If  any  significant  portion  of  the  fireball 
touches  land ,  a  crater  remains  to  mark  the  site 
of  tin?  explosion.  The  crater  is  formed  partly 

by  valorization  of  -he  soil  and  partly  by  up¬ 
draft  into  ibe  center  column  during  the  suction 
phase,  A n  ob $ e r v e r  at  a  d i gt n e e  c a n  r ec < j -71112 e 
a  surface  burst  over  land  by  the  dirty  color  of 
the  mushroom  center  column  and  cloud* 


The  size  of  the  crater  will  va ry  with  th e  siz- 
of  the  bomb,  the  height  at  which  it  was  exploded, 
and  the  character  and  condition  of  the  soil* 

Studies  made  following  test  explosions  have 
yielded  information  on  the  size,  shape,  and 
depth  of  a  crater  to  be  expected  from  a  par¬ 
ticular  size  bomb  in  a  particular  type  and  con¬ 
dition  ol  soil  ( rocky  *  sandy,  wet,  dry),  and 

tables  have  been  compiled  for  pre¬ 
dicting  effects, 

A  varying  portion  of  the  kinetic  energy  of  a 
surface  burst  goes  into  ground  shock  similar 
to  that  produced  by  a  penetrating  high- explosive 
bomb.  This  shock  aids  the  atmospheric  over- 

near  the 


pressure  in  demolishing 
point  Of  burst* 

Beyond  Elie  immediate  area  of  the  crater, 
the  ground  shock  transmitted  through  the  earth 


is  usually  small  compared  with  the 


shock 


transmitted  by  thu  Hast  wave  passing  over  The 
surface,  Cracks  appear  in  the  soil  at  varying 
distances  from  the  crater,  the-  size  and  distance 
of  the  cracks  depending  on  the  size  of  the  ex¬ 
plosion,  distance  from  the  surface,  type  and 
condition  of  soil. 

The  effects  of  underground  shock  from  a 
nuclear  explosion  have  been  compared  to  an 
earthquake  of  rruxiorate  intensity*  There  are 
significant  differences,  but  those  in  the  business 
of  detecting  nuclear  explosions  in  other  areas 
cannot  always  be  sure  if  an  earthquake  or  .l 
nuclear  explosion  caused  the  seismic  wave 
recorded  on  their  instruments* 

Except  in  the  region  close  to  ground  zero, 
where  destruction  would  be  virtually  complete, 
the  effects  of  blast,  thermal  radiation,  and 
initial  nuclear  radiation  will  be  less  extensive 
than  fyr  an  air  burst  of  similar  size.  However, 
early  fallout  may  be  a  very  serious  hazard 
over  a  large  area, 

SUBSURFACE  BURSTS 


[f  a  nuclear  explosion  occurs  under  such 
conditions  that  its  center  is  beneath  the  ground 
or  under  the  surface  of  the  water,  it  is  classed 
a  s  a  5 l] !  So rface  bu r  si .  Sin c e  so m  e  of  the  effects 


of  underground  bursts  and  underwater  bursts  a  re 
similar,  they  can  be  considered  together  as  sub¬ 
surface  burst  effect  a*  In  a  subsurface  burst, 
most  of  the  shock  energy  of  the  explosion  ap¬ 
pears  as  underground  or  underwater  shock,  but 
a  certain  proportion  (which  is  less  the  greater 
the  depth  o£  the  burst)  escapes  and  produces 
air  blast*  Mur!*,  of  the  thermal  radiation  and  of 

the  Initial  nuclear  radiation  will  be  absorbed 
within  .t  short  distance  of  the  explosion.  Tin- 

energy  of  the  absorbed  radiations  will  merely 
heat  the  ground  or  the  water*  Some  of  the 

thermal  and  nuclear  radiations  will  escape, 

varying  with  the  depth  of  the  explosion,  but  the 
intensities  will  be  less  than  in  an  air  burst* 
However,  the  residual  radiations  arc  of  con¬ 
siderable  significance  since  large  quantities  of 

earth  or  water  In  the  vicinity  of  the  explosion 

will  be  contaminated  with  radioactive  fission 
products.  If  the  burst  is  near  the  surface  so 
that  the  fireball  actually  breaks  through,  the 

amount  of  fallout  will  be  about  the  some  as  in  a 


surface  burst.  11  the  burst  is  deep  enough  so 
that  none  of  the  fireball  emerges  fro  in  the 
surface  yet  quantities  of  dirt  (or  water)  arc 
thrown  Up  as  a  column  into  the  air,  much  of  the 
rock*  soil,  and  large  debris  .or  water)  will  la 1 1 
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back  in  the  immediate  area,  but  finer  particles  very  deep  detonation  may  fail  td  produce  a 

be  carried  aloft  and  will  descend  later  as  spray  dome J 
fanout,  perhaps  far  from  the  area.  When  the  radioactive  fireball  (or  gas  bubble) 

Many  subsurface  tests  of  nuclear  devices  touches  the  surface ,  the  hot  gaser  are  violently 
have  been  made,  for  weapon  us*  and  for  pos-  expelled  trio  the  atmosphere,  drawing  up  with 


slble  commercial  uses,  sucli  as 


£■  out  them  a  ti  dlov,  column  [sometimes  described  as 


ground  to  build  a  tunnel,  or  a  canal,  or  to  a  PLUME,  Or  a  CHIMNEY)  of  water.  The  com- 
dcopen  a  harbor,  or  open  a  mine.  A  large  body  plex  pressure  relationships  sometimes  cause 

Of  data  has  been  collected,  studied,  analyzed,  water  droplets  to  form  a  “Wilson”  condensation 

cloud  about  the  hollow  column.  The  cloud  for¬ 
mation  reproduces,  on  a  large  scale,  the  con- 


and  charted,  so  that  effects  of  explosions  of  (li¬ 
ferent  sizes,  different  depths,  and  under  varied 
conditions  can  be  predicted  with 
accuracy. 


d  it  ions  in  The  l  ah  oratory  cloud  chamber 


The 


Underwater  Bursts 


Wilson  cloud  remains  only  for  a  second  or  two, 
and  is  not  radioactive.  The  radioactive  contents 
of  the  bubble  are  vented  through  the  hollow 
column  and  may  form  .a  cauHflowerflMped  cloud 

at  the  top  (llg.  1 4-6)* 

SHALLOW  UNDER  WATER  BURST, -.Figure 
one  whose  origin  is  beneath  the  surface  of  a  14-6  shows  three  characteristic  steps  in  a 
body  of  water.  Most  of  the  energy  of  the  under-  typical  underwater  hurst.  (Baker  test  at  Bikini 
water  burst  appears  as  underwater  shock,  but  atoll  in  1946— a  20-tcUuton  weapon  was  used  in 
a  certain  proportion  (dependent  on  the  depth;  comparatively  shallow'  water,)  Part  A  of  the 

illustration  shows  conditions  2  seconds  after 


A  nuclear  underwater  burst  is  defined  as 


Notice  that  the  shook  wave  that 


may  escape  and  produce  air  bias?, 

A  ' 'true' '  underwater  burst  is  one  in  which  detonation, 
the  detonation  and  the  formation  of  the  com-  surrounded  the  fireball  in  the  water  has  become 
plete  fi  reball  both  occur  below'  the  surface  of  the  a  blast  wave  in  the  air,  surrounding  the  Wilson 


water.  The 


ia  in  the  form  of  a  great 


bubble.  Because  it  is  subject  to  hydrostatic 


Twelve  second s  after  detonation,,  as  shown 


pressure,  the  bubble  is  believed  to  be  smaller  in  part  B  of  figure  14-6,  the  water  column  has 


than  for  a  bomb  of  comparable  yield  detonated  in  reached  a 


of  about  3,300  feet,  (An  eati- 


the  air.  As  the  rising  bubble  touches  the  sur-  mated  million  tons  Of  water  were  raised  in  the 
face,  its  glow  disappears,  because  the  gases  column  in  the  Baker  test.)  The  fission  products 
expand  and  cool  when  they  meet  the  lesser  venting  through  the  center  of  the  column  have 
resistance  of  the  air.  begun  to  condense  into  an  atomic  cloud  resem- 

WhUe  it  is  still  under  the  surface,  the  fire-  bling  a  giant  cauliflower. 


ball  (or  gas  bubble)  generates  a  shock  wave, 


Trie  caul ifj<  >wor  cloud  is  strongly  radioactive. 


much  as  a  fireball  ia  the  air  generates  a  blast  but  is  too  high  to  be  a  serious  threat  to  ship- 
wave.  A  la  ter  paragraph  will  mention  some  of  the  board  personnel  at  this  time,  A  much  greater 
peculiarities  and  military  uses  of  this  shock  immediate  threat  is  the  BASE  SURGE  that  has 
wave.  The  peak  overpressure  does  not  fail  off  begun  to  form  around  the  lower  end  of  the  hollow 
as  rapidly  with  distance  as  in  air,  but  the  column.  The  base  surge  consists  of  radioactive 
duration  of  the  shock  wave  is  shorter  than  in  mist  from  the  contaminated  water  in  the  hollow 
air.  column,  which  is  now  dropping  backward  due 

Two  phenomena  give  advance  warning  that  the  to  gravity.  The  base  surge  spreads  radially 


fireball  from  an  underwater  detonation  ss  ap-  outward,  giving  me  appearance  of  a  doughnut- 

p  roaehing  the  surface.  First  a  rapidly  expand-  shaped  cloud  on  the  sit  r  fa  c  e  of  the  wat  e  r , 


fug  white  circle,  called  the  SLICK,  appears  on 
the  surface.  The  slick  is  composed  of  countless 
droplets  of  surface  water  that  have  been  tossed 
un  by  the  advancing  shock  wave,  At  the  center 

of  the  slick,  a  dome  Of  water  and  spray  rises, 
directly  over  the  detonation  point. 

Neither  the  slick  nor  the  spray  dome  con¬ 
tains  any  radioactive  matter.  They  are  fore- 


By  this  time,  coo.  Urge  water  waves  have 
begun  to  form  and  move  outward  from  the  base 
of  the  hollow  column. 

By  the  t went leth  second  after  detonation,  con¬ 
ditions  are  as  shown  Ln  me  third  part  of  figure 
14-6.  The  base  surge  is  growing  higher  as  it 
moves  outward.  Large  quantities  of  contaminated 


runners  of  the  true  explosion  phenomena.  (A  water,  the  MASSIVE  WATER  FALLOUT  r  beg  into 
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Figure  H- 6. —Three  stages  in  the  development  of  a  1 00 -Idiot on  shallow 

underwater  nuclear  burst* 
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MISSILES 


pour  dawn  from  the  mushroom  cloud.  The 
hollow  column  is  continuously  shrinking. 

A  minute  after  detonation,  the  holl o w c olum n 

is  much  lower  and  the  ring  jf  out  ward- rushing 
base  surge  much  higher.  Contaminated  water 
and  spray  from  the  cauliflower  cloud  encircle 
the  hallow  column.  Water  wives  continue  to 
form  and  move  outward.  The  first  wave  has 

traveled  almost  a  mile  from  the  :olumn,  Tn  the 

Bikini  lagoon  tests t  beaches  were  inundated >  as 
far  away  as  I J  miles,  aotne  to  twice  the  depth 
of  the  approaching  wave,  far  more  than  had. been 

anticipated. 

Two  and  a  half  minutes  after  detonation, 

figure  14-7.  the  central  column  has  been  com¬ 
pletely  replaced  by  a  radioactive  mist  or  cloud 
that  extends  downward  to  the  surface  of  the 

water .  The baa c-  su  re e ,  si  til  fo r mine  an  outwa rd- 

mo  v  1  hg  ring  around  the  central  cloud,  3*as  lifted 
slightly.  It  appears,  therefore,  as  a  low-hansing 

cloud  from  which  radioac lively  contaminated 
rain  Is  pour  mg.  This  riLn  is  hazardous  to  sur¬ 
face  vessels  in  its  path* 

Though  diffusion  and  the  natural  decay  of 

isotopes  with  short  half-lives  have  reduced  the 
intensity  of  the  nuclear  radiation  given  forth 
by  the  central  cloud,  the  level  of  radiation  is 

atill  dangerously  high. 

Eventually,  The  central  cloud  the  base- 
si!  rge  mi ngl  ?  and  sr<?  ra  r  r i p  '  o f f  i n  th e  d own wi nd 


direction.  The  base  surge  may  extend  downwind 

for  several  miles. 

An  underwater  detonation  at  greater  depth 
may  fad  to  produce  any  of  the  phenomena  shown 
ir.  figures  14-6  and  14-7.  Instead*  the  hot  gas 
bubble  may  break  into  a  large  number  u:  small 
bubbles  as  it  rige-s  through  the  water.  When  the 

.v  m a  11  hubbl  e  i:  r on ch  t h e  surf ace ,  th  c  y  may  b  r  os  k 
into  radioactive  froth,  perhaps  with  a  thin  layer 
of  contaminated  mist  above  it.  The  mist  is  no: 

likely  to  create  a  large  fallout  problem,  but 

dangerous  amounts  of  the  radioactive  foam  may 
be  washed  against  surface  vessels  or  even 
against  the  shore. 

During  any  type  of  underwater  nuclear  ex¬ 
plosion,  all  or  a  f.reai  percentage  of  the  radiant 

heat  is  absorbed  by  the  water.  Many  of  the  first 

neutrons  and  gamma  rays  are  also  absorbed. 
When  and  if  the  bubble  reaches  the  surface  and 

bursts,  however,  the  various  fission  products 
are  still  emitting  gamma  ray  sand  beta  particles. 

The  hollow  column,  the  eauli flower  cloud ,  and 
the  base  surge  all  contain  large  numbers  of 
radioactive  particles,  Tire  fallout  (or  rain  out )  of 
these  particles  is  liable  to  be  the  most  serious 

danger  to  surface-  ships  and  shore  installations 

BEYOND  the  region  of  heavy  shock  and  blast), 
It  is  iimp arrant,  therefore  that  naval  officers  in 
general  should  have  knowledge  of  d cc ontamina- 
tlon  procedures  fas  well  as  other  damage  control 
and  first  aid  procedures). 
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DEEP  UNDERWATER  BURST.  —As  observed 
in  the  WAHOO  shot  in  1953*  deep  underwater 
bursts  do  not  produce  an  airborne  r a dio ac ti v r 
cloud.  The  visible  phenomena  produced  by  this 
shot*  winch  was  500  feet  underwater,  are  shown 
in  figure  14 -3 -  No  fireball  could  be  seen,  but  a 
spray  dome  (fig.  14-8 A)  formed  above  the  sur¬ 
face  of  the  water.  The  hot  steam  and  gas  burst 
through  this  and  formed  multiple  plumes  (fig. 
14-8B*  i n  3 1 1  dir cc  t ions ,  As t lie  plum e s coll  aps  rl. 
a  base  surge  (fig.  14 -SC)  formed,  extending  for 
a  distance  of  about  2  1/2  miles  downwind  and 
upward  about  1,000  feet,  The  radioactivity  was 
associated  with  the  base  surge.  The  residual 

nuclear  radiation  was  slight, 

In  a  deep  underwater  burst,  very  little  of  the 
energy  escapes  as  air  blast,  but  is  absorbed  by 

!he  water  and  produces  a  much  greater  shock 
wave  than  does  a  shallow  burst,  The  peak  over¬ 
pressure  does  not  Fall  off  as  rapidly  in  water  as 
an  air,  therefore  the  shock  wave  can  damage 

ships  at  considerable  distances  from  the  burst. 
At  3,000  feet  from  a  tOG-kiloton  deep  water 
hurst  the  peak  overpressure  is  2,7D0pounds  per 
square  inch,  compared  to  only  a  few  pounds  :  -r 
•souare  Inch  in  an  air  burst. 


re  *4- SB, —Plump  after  11,7 


.— Bssf  surge  45  seconds 
after  explosion, 


When  the  fireball  is  formed  below  the  sur¬ 
face  of  the  soil,  the  hot  pressurize--:!  gas  within 
it  is  mingled  with  bomb  residues  and  vapor ived 
earth.  Upon  breaking  through  the  surface,  the 

expanding  gases  throw  up  a  hollow-,  nut  ward - 

Q  a  ring  c otu mn  cons  i  stin  y  o  f  ea  rth  ri  eb  r  i  s  mi  ngl  •-  d 
with  fission  products. 

3HAL  I  OW  UNDERGROUND  BURSTS*- As  in 

a  shallow  underwater  burst,  a  hem;  spherical 
blast  front  surrounds  the  hollow  column  in  its 


early  stages.  F igure  14- 9 A  shows  conditions 
two  seconds  after  a  LOG-kiloton  shallow  u r,d ?r- 
g round  burst*  In  addition  to  the  phenomena 
shown  in  the  drawing*  this  type  of  detonation 
produces  a  r round  shock  resembling  a  small 
earthquake,  except  that  it  occurs  nearer  the 

surface* 

In  rising*  the  hollow  column  produces  a 
throwout  of  contaminated  debris.  The  lighter 
products  of  the  explosion  form  a  radioactive 
cloud  about  the  upper  pan  of  the  column. 

By  the  end  of  9  seconds,  as  shown  in  figure 
14-&B,  the  expand ing  cloud  is  still  giving  off 
hazardous  amounts  of  radiation*  Some  of  the 
heavier  fragments  in  the  throwout  are  falling 
back  to  the  earth* 

Forty-five  seconds  after  detonation  (fig. 
14*90'  the  throwout  is  rapidly  falling  to  the 
ground*  It  can  be  expected  that  finer  dust 
particles  from  the  hollow  column  will  form  a 
ring  of  base  surge,  much  like  the  mist  surge 
that  characterizes:  a  shallow  underwater  burst. 
The  dust  particles  in  the  base  surge  are  heavily 
contaminated  with  nuclear  byproducts. 


re  14- SA.— Spray  dome  3.3  seconds 

after  explosion* 
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rises  toward  the  cloud  and  moves  ahead  of  it  in 

the  downward  direction*  Thus,  radioactive 
particles  can  be  carried  downwmd for  consider¬ 
able-  distanced,  seriously  contaminating  a  large 
area* 

It  is  estimated  that  a  megaton  shallow 

underground  hurst  would  blow  into  air  some  ten 

million  Eons  of  soil  ;md  rock.  The  aren  around 
the  crater  would  bo  heavily  contaminated,  and 

the  ialiout  of  lighter  particles  might  be  hazardous 

over  a  great  distance. 

As  a  general  rule,  the  thermal  radiation  will 
be-  almost  completely  absorbed  by  the  soil  ma¬ 
terial*  so  it  represents  no  significant  hazard. 
The  aback  wave  produced  by  the  rapid  ex¬ 
pansion  of  the  bubble  of  hot,,  high-pressure  gages 

initiates  a  shock  wave  in  the  earth  similar  in 

some  ways  to  an  earthquake  of  moderate  in¬ 
tensity,  Theoretically,  the  disturbance  should 

be  equal  in  all  directions,  distinguishing  it  from 

an  earthquake,  in  which  there  are  slipping 
movements.  However,  rhss  is  not  always  true, 

and  it  is  not  always  possible  to  distinguish 

between  earthquakes  and  underground  nuclear 

explosions  by  tho  recordings  made  by  seismo¬ 
graphs. 

The  formation  of  a  crater  by  surface  bn  rat  ia 
shown  in  figure  14-9E.  Similar  deformation  of 
the  earth  takes  placr-  in  an  underground  burst. 

The  size  of  each  damage  zone  varies  with  the 
type  and  condition  of  the  soil,  the  size  of  the 

detonation,  and  the  depth  of  the  detonation,  bur 

the  types  of  damage  are  similar.  Immediately 
beneath  the  visible  or  apparent  crater  are  two 
more  or  Less  distinct  zones,  the  rupture  zone 
and  the  plastic  zone.  In  the  rupture  zone,  there 

are  innumerable  radial  cracks  in  the  earth  or 

rock.  Below  that  is  the  plastic  zone,  in  which 
there  are  no  actual  cracks  visible  but  the  earth 
is  permanently  deformed  and  greatly  com¬ 
pressed.  In  rock,  the  plastic  zone  will  be  much 
smaller  than  In  soil.  The  cavity  formed  by  the 
explosion  is  the  time  crater,  but  the  visible  or 
apparent  crater  may  be  smaller  because  of  the 

fallback  of  debris* 

The  crater  produced  by  a  shallow  under¬ 
ground  burst  ls  deeper  and  wider  than  the  one 

produced  by  a  surface  burst  of  equivalent  yield. 
A  100-KT  surface  burst  would  produce  a  curler 
580  feet  in  diameter  and  80 feet  in  dry  soil,  while 

a  similar  burst  5G  feet  below'  the  surface  would 

■  ■  ■» 

produce  a  crater  120  feet  In  diameter  and  1  £0 
feet  deep. 

Mathematical  formulas  have  been  prepared, 
with  corrections  for  different  factors  such  as 
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Figure  14-B.— Developm cut  of  a  100-kiloton 
shallow  underground  burst:  A,  Two  seconds 
after  detonation;  B,,  Nine  seconds  after  det¬ 
onation;  C.  After  45  seconds;  D.  Alter  4  1/2 
minutes;  E,  Formation  of  crater. 


After  a  few  minutes,  as  shown  in  figure 
14— 9D?J  the  central  column  loses  its  separate 
identity.  The  lightest  particles  from  the  column 

have  now  become  part  of  the  radioactive  cloud* 
This  cloud  spreads  out.p  especially  in  the  down¬ 
wind  direction.  If  a  base  surge  has  formed,  it 
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type  of  soil,  go  the  expected  crater  size  can  be 

computed  for  any  size  weapon. 

DEEP  UNDERGROUND  EXPLOSIONS. -One 

of  the  purposes  of  testing  nuclear  weapons  deep 
underground  is  to  prevent  contamination  of  the 
air  and  the  country  aide,  A  number  of  nuclear 
test  explosions  have  been  carried  out  at  various 

depths  underground.  Various  soil  character¬ 
istics,  particularly  the-  moisture  content,  affect 
the  result.  The  data  from  the  tests  indicate  that, 
in  general,  a  scaled  depth  of  oOOfsetor  more  is 
necessary  to  contain  the  radioactivity  below  tile 

earth's  surface.  By  scaled  depth  we  mean  scaled 
according  to  the  strength  of  the  explosion.  In  the 
LOGAN  shot  (5-KTj,  for  example,  the  actual 

depth  of  rock  and  earth  cover  was  830  icet,  but 

the  scaled  depth  was  computed  at  512  feet.  The 
formula  for  computing  the  scaled  depth  is: 


5  oo  w 


0.3 


where  W  is  the  explosion  energy  yield  in  kilotons 
TNT  equivalent,  This  formula  applies  if  the 
overburden  (rock,  and  soil  cover j  is  of  dry  soil 
and  loose  rock,  if  the  overburden  is  solid  rock, 
the  result  is  multiplied  by  0,8. 

When  the  fireball  does  not  break  the  surface 

of  the  earth,  all  hie  radiation  and  the  radiant 
energy  is  retained  in  the  earth.  A  year  alter  die 

RATNIEB  shot,  nearly  all  the  energy  was  still 
retained  in  the  immediate  area  of  the  explosion, 
which  took  place  in  a  6-by6-by  7-foot  chamber 
79 Of  feet  below  the  surface  Lu  a  type  of  rock 

called  tuff.  The  explosion  enlarged  the  space  to 
a  cavern  with  a  6 2- foot  radios,  and  melted  the 
rock  to  a  depth  of  four  inches.  The  roof  of  the 

cavern  caved  in,  hut  radioactivity  was  not  spread 

to  the  surface  beyond  the  cave- In.  Most  of  the 
radiation  was  retained  In  the  molten  rock,  which 
congealed  to  glass.  The  shock  caused  seismic 

signals  several  hundred  miles  a. way,  A  l  ,7 

kilotou  nuclear  device  was  detonated  tn  The 
RAINIER  shot. 

HIGH  ALTITUDE  BURSTS 

A  high -altitude  bur&L  is  defined  as  one  tn 
which  the  explosion  rakes  place  at  an  altitude  in 
excess  of  100,000  feet.  Above  this  level .  the  air 

density  is  so  low  that  the  interaction  of  the 

weapon  energy  with  hit  surroundings  markedly 
different  from  that  at  lower  altitudes,  and  varies 
with  the  altitude.  The  fireball  characteristics 

are  different  at  high  altitudes.  The  fraction  of 
die  energy  of  fission  converted  into  blast  and 


shock  decreases  with  increasing  altitude  and  a 
larger  proportion  is  in  the  form  Of  thermal 
radiation.  However,  the  fraction  of  explosion 

energy  emitted  as  nuclear  radiation  is  not  af¬ 
fected  by  altitude.  The  radiation  can  travel 
faster  and  farther  irt  the  thin  air  but  will  be  so 
widely  ^0 uttered  in  the  stratosphere  that  there 
is  little  danger  from  the  initial  nuclear  radiation 
from  a  high  altitude  burst.  The  residual  radi¬ 
ation  that  reach.- s  the  earth  can  be  very  wide¬ 
spread, 

Much  of  the  thermal  radiation  will  also  be 
dissipated  by  the  -ime  it  reaches  the  earth,  so 
the  effect  is  negligible.  The  blast  wave  set  up 

by  the  explosion  travels  faster  and  farther  in 
the  low- density  air,  but  by  the  time  it  reaches 
the  earth  j  the  overpressure  and  blast  front  has 
died  down  to  a  small  amount,  30  no  damage 

r  esult  s . 

The  difference  in  the  fireball  is  startling. 
The  speed  with  which  it  develops,  rises*  and 
spreads  to  tremendous  size  is  fantastic.  The 

fireball  from  the  1-megaton  TEAK  burst  in  the 

Pacific  could  be  clearly  seen,  for  over  700 miles , 
It  appeared  as  a  large  red  luminous  sphere  (fig, 
14-10),  and  within  seconds,  a  brilliant  aurora 
appeared  from  the  bottom  of  the  fireball  and 
purple  streamers  wen?  seen  to  spread  toward 

the  north.  The  aurora  was  observed  at  a 
distance  of  2,0Q0  miles  from  the  detonation, 
though  the  fireball  could  not  be  seen  there. 


100.38 

figure  14-10.— Fir  eball  and  red  lu  mi  nous  sph  er¬ 
ica!  wave  formed  after  the?  TEAK  high- altitude 
hot.  The  photograph  was  taken  at  Hawaii,  780 
miles  from  the  explosion. 
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The  extreme  brightness  ni  the  fireball  is 
capable  pf  producing  effects  on  the  eyes  at 
great  distances. 

The  TEAK  shot  was  made  at  an  altitude  ol 
nearly  50  miles,  and  the  ORANGE  shot  was 
made  at  an  altitude  of  about  27  miles.  The  ef¬ 
fects  of  the  denser  air  in  the  ORANGE  shot  were 
clearly  shown  in  the  smaller  size  and  lesser 
speed  of  the  fireball  and  the  diminished  aurora. 


EFFECTS  OF  NUCLEAR 


The  effects  of  nuclear  explosions  may  be 

Classed  as  immediate  and  delayed  effects. 
Those  which  occur  within  a  few  minutes  after 
the  explosion  include  air  blast  t  ground  or  under  - 
water  shock,  thermal  radiation,  and  initial 
radiation.  The  delayed  effects  are  chiefly 

those  of  radiation  from  fallout  and  neutron- 

induccd  radioactivity,,  bat  fires  caused  by  ef¬ 
fects  of  blast  and  shock  may  be  considered 
delayed  effects. 


Effect  On  Rudio  and  Radar 
Communi  cations 


DAMAGE  CRITERIA 


The  detonations  caused  widespread  dis¬ 
turbances  in  the  ionosphere  which  affected  the 
prop  agar:  i  on  of  radio  waves  and  other  electro¬ 
magnetic  radiations  of  relatively  long  wave¬ 
lengths.  The  TEAK  and.  ORANGE  sliois  disrupted 
radio  communications  in  the  very-low-frequency 
range  at  distances  over  3,000  miles  from  ex¬ 
plosion,  Other  frequencies  were  affected  for 
different  lengths  of  time  and  different  distances. 
The  disturbances  caused  by  the  initial  radiation 
can  be  continued  by  the  fallout  radiation.  This 
may  occur  hours  after  the  detonation,  continuing 
the  communications  blackout  for  many  hours. 

The  effects  on  radar  are  similar  if  the  signal 
must  pass  through  th?  ionosphere.  Interference 
with  search  and  tracking  radars  in  weapons 
systems  can  be  important,  even  critical. 

From  observations  of  the  high- altitude  test 
id  hot  £5.  same  charts  have  been  prepared  to  show 

the  effects  on  electromagnetic  radiations  j set- 
in  radio  and  radar.  Factors  that  influence  the 
effects  include  moisture  content  of  the  air, 
density,  of  the  air,  wavelength  used  by  the  radio 

or  radar,  height  of  the  burst,  energy  yield  of  the 
burst,  location  of  the  radio  or  radar  station 
with  relation  to  the  hurst,  anti  a.  number  of  other 

factors.  With  so  many  variables  affecting  the 
result,  it  is  difficult  to  precJici  just  what  will 

happen  to  tae  communications  of  a  particular 
installation, 

Although  we  have  spoken  of  electromagnetic 
disturbances  in  connection  with  high  altitude 
bursts,  no  matter  where  the  burst  occurs  there 
are  Inevitably  some  disturbances.  A  somewhat 
similar  explosive- excited  occurrence  in  nature 
Is  lightning.  The  technical  aspects  of  effects 

on  radin  and  radar  are  not  completely  under¬ 
stood.  but  a  reasonably  accurate  picture  of  ef¬ 
fects  of  the  burst  on  electromagnetic  signals 
can  be  computed  from  hie  facts  revealed  by 
tests  of  nuclear  devices* 


In  assessing  the  damage  caused  by  any 
explos  i  aj  j  —  whether  ‘  1  convent ionaT '  or  nuciea r  - 
it  is  convenient  to  represent  the  various  in¬ 
tensities  or  damage,  and  the  areas  subjected 
to  each  intensity',  as  a  series  of  concentric 
circles  about  the  detonation  point-  Sec  figure 
14-11, 

Of  course  figure  14-11  is  a  simplified  and 
generalized  graph.  To  show  the  data  gathered 
from  the  study  of  any  particular  explosion,  this 
graph  will  have  to  be  modified  in  one  or  several 
ways.  For  a  nuclear  explosion,  the  several 
kinds  of  damage,  and  their  separate  or  combined 

c  ifeets  on  equipment  and  personnel ,  arc-  so  varied 

that  a  series  of  graphs  often  becomes  necessary 
to  tell  the  story* 
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SLIGHT 
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It  may  be  de$irablep  also,  to  show  a  larger 
number  of  damage  intensities  than  the  four 
indicated  in  figure  14-11. 

In  actual  practice  there  are  no  lines  of 
demarcation  between  one  damage  area  and 
another.  Furthermore,  the  damage  areas  will 
seldom  be 


circles;  sometimes  they 
will  vary  greatly  from  the  circular  form,  ex¬ 
cept  on  the  open  sea, 
features,  and  other  factors  can  deflect  the  con* 
tours  of  the  areas  a  great  deal.  Nevertheless, 
for  preliminary  considerations,  figure  14-11  is 
a  useful  tool  for  defense  and  recovery  planning. 


Damage  Areas 

In  any  effective  explosion  of  bomb  type 
ammunition.,,  there  is  a  large  or  small  area  about 
the  point  of  burst  where  total  destruction  of 
equipment  and  personnel  must  be  taken  for 


.  In  a  nuclear  explosion  at  or  below 
surface,  nothing  within  or  near  the  fireball 
will  be  salvageable.  With  an  air  burst  {except 
a  very  high  one),  ground  /.era  and  a  greater  or 
leaser  area  Surrounding  it  can  lie  Considered 
Completely  demolished,  For  a  nuclear  weapon 
of  any  type,  tine  area  of  TOTAL  destruction  is 
many  times  larger  than  for  a  conventional 
weapon  of  comparable  size.  Figure  14-12 
illustrates  graphically  the  damage  areas  for 
the  different  effects  of  nuclear  explosions  com¬ 
pared  with  explosion  of  conventional  chemical 
explosives. 

The  size  of  the  areas  within  which  various 


degrees  of  destruction  may  be  expected  depend 
primarily  upon  the  energy  yield  of  the  explosion 
and  the  conditions  of  the  burst,  that  is,  air 
burst,  surface  burst,  etc.,  and  the  height  or 
depth  of  the  burst-  The  topography  and  the 
weather  also  affect  the  size  of  the  areas. 
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Figure  14-12.  —Comparison  of  characteristics  effects  of  nuclear  vs.  chemical  explosion) 

(assuming  equal  weight  of  explosive)-. 
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The  general  conclusions  concerning:  ex 


duty,  even  in  this  area*  would  be  to  watch  Jor 


pected  effects  of  nuclear  explosions  cn  various  5  i  r  es  and  get  them  under  control 


targets  are  based  on  a  c  vmbinaU  n  of  theoret- 


Thi 5  chapter  will  not  go  into  details  about 


leal  analysis  with  data  obtained  from  actual  "atomic  defense”  or  fi disaster  control.”  As  a 

nuclear  explosions,  both  in  Japan  and  at  various  junior  officer  you  will  receive  further  inrioc- 

test  sites,  as  well  nr  from  laboratory  studies.  trination  in  fundamental  procedures  and  will  be 

While  no  exact  prediction  of  the  effect  unspecific  assigned  a  definite  responsibility  for  some  part 

types  of  structures  can  be  made,  the  ecn-  of  the  total  program  Of  yOm*  ship  Ql*  station. 


elusions  are  considered  to  be  most  represent- 


SHIF  DAMAGE. -The  various  degrees  of  ship 


ative  for  the  situations  that  might  be  encountered  damage  that  m ay  result  from  nuclear  detonations 


ijj  actual  target  complexes. 


are  g.-.  uped  into  damage  categories.  Tilts  care 


DAMAGE  ZONES  A  SHORE  h— In  the  urea  im-  standard  Navy  definitions  that  apply  to  surface 


mediately  surrounding  ground  aero  {zone  a. 


TLF 


Each  Category  is  defined  to  describe 


fig.  U-l  1.  r  destruction  is  usu 


total;  no  rho  extent  of  impairment  or  loss  of  operations^ 


personnel  or 


building t  have  much  capability  through  material  damage. 


chance  of  survival.  In  the  Japanese  bombings + 


Sunk.  —  That  degree  of  d am age  which  results 


although  some  earthquake— resistant  buildings  In  loss  of  the  ship  due  to  unc  out  roll  able  flooding 

were  not  demolished,  the  interiors  were  de-  or  loss  of  longitudinal  strength. 


stroyed  and  all  people  in  them  wore  killed  or 


Immobilized  -That  degree  of  damage  to  the 


died  soon  afterward  from  radiation  received,  main  propulsion  equipment  or  its  vital  auxiliary 
Zone  B,  the  area  of  severe  or  heavy  damage.  machinery  which  precludes  maintaining  steer- 
about  three  times  as  largo  as  zone  A,  In  this  age  way.  Repairs  at  sea  are  impossible;  salvage 
area  personnel  injuries  and  damage  to  buildings  or  own  destruction  required. 


would  he  severe,  hut  not  complete.  Many  build¬ 
ings,  much  equip  mi; ot.  and  many  persons  would 
be  lost,  either  within  a  few  seconds  after  detona- 


Severe  Damage.—  That  degree  of 


damage 


which  renders  the  ship  barely  capable  of  making 

headway  t  the  nearest  facility  either  afloat  or 


tiou  nr  ns  a  result  of  secondary  phenomena.  ashore  The  military  efficiency  of  the  ship  is 

Some  building's  and  equipment,  and  some  people  near  zero.  Loss  of  the  ship  is  imminent  In 

as  well,  might  suffer  only  minor  primary  followup  attack. 


damage.  The  final  number  of  casualties  in  the 


Severe  Topside  Damage.— That  degree  d 


heavy  damage  aren  would  depe  nd,  in  part,  On  the  damage  to  topside  structure,  armament,  equip- 

speed,  level -headedtiess,  ingenuity,  and  coup-  ment,  and  appurtenances  which  destroy  sorseri- 
eraiion  displayed  by  disaster -recovery  person-  ously  impairs  the  offensive  aspects  of  military 
net,  and  all  personnel  in  the  area,  as  well  as  on  efficiency*  Retirement  from  act.  ion  at  or  near  lull 


previous  preparation  for  the  emergency. 


power  however,  is  possible.  Restoration  re- 


Tiie  C  zone  is  a  still  larger  circular  belt  of  quires  Availability  of  a  repair  facility* 
lesser  damage  surrounding  the  R  zone.  In  the  Operational  Damage,— That  degree  of  damage 

zone  of  MODERATE  damage,  there  would,  nf  to  some  vital  ship  control  equipment  or  of  fen  siv> 

course*  he  some  heavy  damage  to  light  equip-  armament  which  prevents  the  ship  from  efleo 

ment  and  structures.  There  would  also  be  some  £ i V el y  carrying  out  her  assigned  mission.  Oat- 

fatalities  and  severe  casualties  to  personnel.  side  assistance  is  required  to  restore  casualty. 
Some  persons,  however,  would  he  unharmed,  and  Ship  is  capable  of  retirement  and  has  reaeonab| 
many  would  be  able  to  do  useful  work  after  capability  for  self-defense. 


receiving  simple  first  aid.  The  great  problems 


Moderate  Damage,— That  degree  of  damage 


would  be  U)  to  prevent  panic  and  [2}  to  utilize  all  that  is  within  the  c  apability  of  the  ship  s  fore* 

able-bodied  (and  mentally  or  emotionally  ccni-  to  restore  to  an  extent  which  will  permit  limited 


petent)  personnel  in  damage  control  and  disaster  offensive  employment  of  the  ship. 


ft  op  _ii 


recovery.  As  a  shore  station,  fire  fighting  facilities  are  required  to  restore  full  military 

(possibly  with  severely  damaged  equipment)  capability. 


would  ho  vitally  necessary. 


Light  Damage.— That  degree  of  damage  th?' 


Within  the  zoim  of  SLIGHT  damage,  -.Lie  inaJ.it  Is  within  the  immediate  capability  of  the  ship's 
problems  would  be  to  prevent  panic,  to  ascertain  force  to  restore  at  sea  and  which  wrill  re&ton 
that  previously  trained  teams  and  groups  are  full  military  capability. 


functioning  properly ,  and  to  make  such  adapt a- 


In  modern  naval  formations,  the  most  ship 


(done  as  are  ordered  by  higher  authority,  One  would  probably  be  in  the  damage -survival  arfiflJ 


Chapter  14- EFFECTS  OF  NUCLEAR  WEAPONS 


The  non- tmc Lear  effects  occur  very  quickly— in 

seconds  to  minutes  after  the  burst,  Of  these, 
the  mechanical  effects  can  cause  damage 
throughout  the  ship*  but  the  thermal  radiation 

can  cause  damage  only  to  the  surface  exposed 

directly  to  die  radiation.  The  types  of  damage 
and  modes  of  destruction  or  damage  are  de¬ 
scribed  in  succeeding  paragraphs.  The  con¬ 
clusions  reached  about  damage  to  ships  are 
based  on  the  observations  of  tos’S  with  nuclear 
devices*  Effects  on  shore  structures  were 
determined  by  studies  of  the  results  of  the 

Japanese  bombings  and  of  the  tests  made  at  the 

Nevada  test  site  and  at  Eniwetok,  Structures  of 
different  material s  and  of  different  construction 
were  placed  at  varied  distances  In  each  of  the 
several  tests.  Effects  on  personnel  were 
studied  following  the  Japanese  bombings, 

AIR  BLAST 


As  already  mentioned,  an  air  hurst  of  a 

nuclear  weapon  above  a  target  ha?  tremendous 
destructive  capability  and  therefore  great  mil¬ 
itary  usefulness.  For  a  short  distance  from  the 

fireball,  the  blast  damage  from  a  surface  burst 

may  be  even  greater,  but  the  effective  range 
tends  to  be  shorter,  Blast  damage  can  also  stem 

from  shallow  subsurface  bursts. 

The  primary  difference  in  blast  effects  from 
a  nuclear  explosion  and  from  high  explosives  is 
One  of  Magnitude;  the  nuclear  explosion  pro¬ 
duces  many  times  the  damage  of  the  high  ex¬ 
plosive,  Another  important  difference  is  in  the 

blast  wave  (fig.  14-12),  In  a  nuclear  explosion, 

the  combination  of  high  peak  overpressure,  hi  oh 
wind  (or  dynamic}  pressure,  and  longer  duration 
of  the  positive  (compression';  phase  of  (he  blast 
wave  results  in  mass  distortion  of  buildings, 
similar  to  that  produced  by  earthquakes  and 
hur  r  ic goes  * 

Blast  damage  from  a  nuclear  explosion  really 

has  Ewe  distinct  causes,  One  cause  is  the  over¬ 
pressure  that  has  already  been  defined  and 
described,  Thu  other  cause  is  the  drag  exerted 
by  the  nuclear  windstorm. 


Overpressure  Damage 


A  given  point  in  space  as  subjected  to  peak 
overpressure  when  the  primary  blast  wave  (or, 
in  the  Mach  region,  the  Mach  wave)  strikes  it. 
This  is  the  Mm?  when  a  structure  or  vehicle  is 


most  liable  to  collapse,  as  though  from  a  hard 


blow.  After  the  peak,  the  atmospheric  pressure 
at  the  given  point  gr ad  uni  ly  drops  back  to  normal. 


3 hortl  v  after  w  ar <3 ,  t  he  or  essur  e  i s  r  educ  ed  b el n w 
normal  by  the  suction  phase  of  the  explosion.  The 

below  normal  is  never  as  great  as  the 
previous  rise  above  it;  but  it,  too,  can  cause 

damage. 


Massive ,  comparatively  low  buildings  of 
reinforced  concrete,  and  low  masonry  buildings 

strengthened  by  heavy  steel  skeletons,  are  the 
only  structures  likely  to  withstand  15  or  more 
psi  (pounds  per  square  inch)  of  peak  overpres¬ 
sure  without  severe  damage.  Light  wood 
or  masonry  buildings  —  typical  U  ving 
accommodations— receive  moderate  damage 


from  2  to  3  psi  overpressure 


Howr  Far  iliis 


amount  of  overpressure  is  from  ground  zero 
depends  on  the  height  and  the  energy  of  the  burst. 

In 


nearly  everything  at  close  range,  ex¬ 
cept  structures  and  smokestacks  of  reinforced 

concrete,  was  destroyed.  Telephone  poles  were 
snapped  Off  at  ground  level:  large  gas  storage 
tanks  were  ruptured  and  collapsed  by  the  crush¬ 


ing  action  of  the  blast  wave. 

Naval  vessels  are  constructed  to  withstand 
battle  shock  and  constant  pounding  from  the 
waves.  Peak  overpressures  of  5  psl  cause  light 

damage  to  most  types  of  surface  ships t  while 

o v e rpf  es  sures  r equir ed  for  s ever p  damage  v ary 

from  25  psi  for  destroy ers  to  40  psi  for  heavy 
cruisers.  A  ship's  boiler sT  uptakes,  and  ven¬ 
tilation  system  are  especially  vulnerable  to 

overpressure. 

Some  tanks  and  other  heavy-duty  shore  equip¬ 
ment  have  withstood  20  to  30  psl. 

Strangely  enough,  the  human  body  has  been 
known  to  stand  short-term  overpressures  up  to 
100  psi  without  severe  or  permanent  damage. 
The  sharpness  of  the  rise  and  the  length  of  limp 
under  pressure  make  a  difference. 

Laboratory  and  field  studies  with  animals 

indicate  thai  a  peak  overpressure  of  35  pounds 
per  square  Inch  (if  the  rise  time  is  short)  with  a 
positive  phase  duration  of  400  milliseconds  (0.4 

second)  can  cause  death  in  human  beings.  The 

direct  blast  effect  was  not  specifically  recog¬ 
nized  as  a  cause  of  fatality  in  Japan,  but  it  no 
doubt  was  a  Significant  cause  of  death  in  a  large 
number  of  those  who  received  additional  lethal 
injuries  from  thermal  and  nuclear  radii ztions, 

flying  debris,  falling  wails,  and  fire-  It  was  Im¬ 
possible  to  assign  the  specific  cause  of  death  of 
those  who  were  in  the  zone  of  greatest  damage. 
Beyond  that  zone,  many  must  have  died  because 
of  the  complete  disrupt  ion  of  medical  services. 
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Of  those  who  survived,  lung  hemorrhage  was 
reported,  but  other  Injuries  usually  complicated 
the  picture.  Ruptured  eardrums  were  more 

c  onmioiL  T empor  ir  y  loss  of  c  onsc  lous  n e  s  s  w  as 

reported  by  some  who  survived  with  no  other 

apparent  serious  injuries. 

Direct  blast  injuries  that  result  in  early 

death  are  air  (emboli)  in  the  arteries,  lung 
damage,  and  heart  injury  which  cause  death 

upon  even  slight  activity  alter  injury;  various 

bune  fractures,  severing  of  major  blood  ves¬ 
sels,.  violent  impact  and  Others.  As  pointed  Out 
above,  it  was  impossible  to  determine  incidence 

of  specific  injuries  or  specific  overpressures  in 
the  Japanese  cases.  Direct  blast  injuries  have 

been  caused  by  conventional  explosives,  but  the 

situation  is  different  because  of  the  short 
duration  of  the  positive  pressure  phase  in  con¬ 
ventional  explosions,  which  may  be  from  about  1 

to  id  milliseconds. 


Drag  Damage 


Damage  from  a  nuclear  air  burst  Es  caused 

by  static  pressure  variations,  wind  (or  dynamic) 
jpr  essur  e .  and  flyi  tw.  o  bj  ects .  Most  of  th^  da  mage 

to  structures  is  caused  by  the  positive  phase  "f 

the  pressures;  however,  there  are  some  struc¬ 
tures  which  suffer  greater  damage  from  the 

dynamic  pressure.  Pressure  produced  on  a 

building  as  a  result  of  overpressure  is  known 
as  “djffr action  loading. fi  The  air  pressure 
bends  or  4 1  diffract  s' 7  around  tho  structure  so  that 
the  sir  net  ur  e  is  eventually  engulfed  by  the  blast 
wave,  and  approximately  the  same  pressure  is 

exerted  on  the  side  walls  and  the  roof. 

Forces  produced  on  struct tires  as  a  result 
Of  dynamic  pressure  are  known  as  “drag  load¬ 
ing-  }*  Ttiis  type  of  loading  is  caused  by  the 
transient  winds  behind  the  blast  wave  front, 
and  they  push  and  pull  or  drag  the  structure 

down. 


An  air  burst  is  characterized  by  violent  winds 

blowing  radially  oust  -ward  from  g  r  ounri  n  a  r.d , 


a  short  time  later,  by  after  winds  blowing  inward. 


The  drag  of  these  winds  ^particularly  destruc¬ 
tive  to  lightweight  walls,  and  to  tall  objects  such 


as  antennas  and  flagpoles.  Pnwoi  lines,  bridge 
spans,  and  parked  vehicles  ore  also  vulnerable 

to  drag. 

Tables  have  been  compiled  to  show  the  types 

of  buildings,  structures,  and  equipment  most 
often  affected  by  each  type  eF  pressure. and  the 
type  and  extent  of  damage  suffered.  Such  tables, 


graphs,  and  charts  may  be  found  in  the  refer¬ 
ences  cited  in  the  bibliography. 

Drag,  rather  than  overpressure.  the  blast 

phenomenon  that  seriously  threatens  the  many 
personnel  who  might  otherwise  suffer  only  slight 


injuries.  I  he  winds  of  a  nuclear  explosion  can 


impel  heavy  or  sharp  object f  with  tremendous 
force,  thus  converting  everyday  materials  Into 
deadly  weapons,  A  man  who  has  survived  peak 
overpressure  intact  may  leave  cover  too  soon, 
only  to  be  killed  by  a  brickbat  hurled  against 
his  tempi e,  or  a  glass  splinter  driven  into  or 
through  iiis  body.  This  is  ; 'missile  hazard, r' 
Table  14-1  and  figure  14-13  given  some  in- 
meat  ion  of  the  relationships  between  overpres¬ 
sure,  wind  velocity  and  dynamic  pressure  (drag 

force).  Dynamic  pressure  is  a  function  of  the 
wind  velocity  and  the  density  of  air  behind,  the 
shock  front.  Like  the  peak  shock  overpressure, 
the  peak  dynamic  pressure  decreases  with  in¬ 
creasing  distance  from  the  explosion  center, 

although  at  a  different  rate,  as  can  be  seen  in 

the  illustration.  (The  dynamic  pressure  de¬ 
creases  more  rapidly  than  docs  the  shock  over¬ 
pressure.) 

For  flic  purpose  of  this  orientation,  let  it  be 
said  that  certain  structures  arc  more  sus¬ 
ceptible  to  damage  by  the  drag  forces  in¬ 
herent  with  air  blast,  while  others  are  more 
sensitive  to  shock  overpressure.  The  material 

used  in  the  construction  is  only  one  of  the 

factors  influencing  the  effects  of  the  blast  force. 
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Figure  14-13.— Variation  of  overpressure  art; 

dynamic  pressure  with  time  at  a  fixed  location. 
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Table  14-1.  —  Overpressure ,  Dynamic  Pressure 

Mid  wind  Velocity  in  Air  a*  sea  Level  for  an 

Ideal  Shock  Front 


Ground  F h no k 


As  has  already  been  mentioned,  ground  shock 
resembles  a  small  earthquake,  except  that  it 

originates  much  nearer  the  surface. 

Ground  shock  is  a  threat  to  land-based  per¬ 
sonnel,  because  it  can  demolish  or  damage  un¬ 
derground  shelters.  In  the  bomb  crater,  of 
course,  these  would  be  totally  destroyed.  For 

a  short  distance  beyond  the  actual  crater,  the? 

zone  of  total  destruction  would  continue.  Beyond 
that  w  uld  be  a  zone  of  heavy  damage  consisting 
of  severe  distortion  and  partial  collapse. 

The  effects  of  underground  shock  tend  to  fall 

off  r apidl y ,  however.  Too.  when  shock  c ea s es  to 

be  severe,  effects  from  it  become-  almost  neg¬ 
ligible.  In  a  subsurface  bur  at,  if  any  part  of  the 
fireball  breaks  through  the  surface,  the  blast 

damage  above  ground  is  likely  to  be  more  ex¬ 
tensive  than  the  shock  damage  below  it, 

Buried  utility  pipelines  would  be  destroyed 
■within  the  crater  and  would  be  damaged  at 
distances  up  to  three  times  the  radius  of  the 
crater.  Near  the  crater,  the  pipes  themselves 
would  rupture.  Farther  out,  the  joints,  especially 
between  horizontal  pipes  and  risers,  would  tend 

to  rupture. 

Well  constructed  tunnels  and  subways,  par¬ 
ticularly  in  granite  bedrock,  are  resistant  to  un- 
d  er  pr  ourt d  shock.  C  ornpl  et  f  d  p  m oi ition  would  bo 
likely  tu  occur  only  within  or  near  the  bomb 

crater. 

As  might  be  expected,  the  severity  oF ground 
shock  is  related  directly  to  the  size  of  the 
detonation.  1  low  e  ve r ,  other  f  ac tor  s  are  frivol  red. 
The  type  and  condition  of  the  soil,  the  material 
and  type  of  construction  of  the  underground 

structures,  and  the  orientation  of  the  structures 
with  relation  to  the  explosion  all  influence  the 
type  and  extent  of  damage,  Shallow  buried 
structures  and  utility  pipes  beyond  the  crater 
and  rupture  and  plastic  deformation  zones  arc 
likely  tn  suffer  more  la  mage  from  the  air  blast 
loading  than  from  ground  shock,  Structures  that 

are  partly  above  ground  and  partly  below  ground 

will,  of  course,  also  be  affected  by  the  direct  air 
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The  method  of  construction,  size-  and  shape  of 

the  building,  and  orientation  with  relation  to  the 

blast  are  some  of  the  "ither  factors  in  the  dam¬ 
age  resulting. 

Considerable  information  on  the  effects  of 

blast  on  different  types  of  structures  was  ob¬ 
tained  in  teste  at  the  Nevada.  Teat  Site,  where 
different  types  Of  residential  structures  were 
constructed  for  the  purposes  of  the  test-  Fallout 
shelters  were  built  into  many  of  the  basements 
if  these  test  structures,  and  provided  invaluable 
.  ri  fo  r  1 11  at  if  hi  n  t  ed  ed  f  or  r  e  co  ft  nc  e  r  :d  at  ioi  us  a  i\  con¬ 
struction  (if  fallout  shelters. 


Nuclear'— High 


Although  the  blast  effects  of  nuclear  and  c in¬ 
vention  al  explus  Lyes  were  compar  ed  in  the  begi  n  - 

ning  of  this  chapter,  an  additional  difference 
between  the  two  should  be  pointed  >ut  here.  The 
combination  of  very  high  peak  overpressures, 

together  with  the  much  longer  duration  f  the 

positive  phase  of  the  blast  wave  from  nuclear 
explosions,  results  in  "ma&S  distortion*’  of 
buildings  and  structures— similar  to  that  caused 
by  e artiiq uakes ,  An  ordinary  explosion  will 

usually  damage  only  part  nf  a  large  building, 

but  the  nuclear  blast  can  a  ur  round  and  destroy 
it  entirely. 


Und erwat  c  r  Shoe k 


SHOCK 


A  shock  wave  formed  under  the  surface  of  the 
water  behaves  much  like  a  similar  wave  :n  air. 

Since  water  is  a  denser  fl  uid  than  air ,  the  values 

of  normal  pressure  and  overpressure  are  cor- 
rcsncmdiiurlv  hii'her.  The  reduction  after  peak 


rt  oi  the  fire  ball  si  like  s  or  is 

surface,  a  shock  front  in  the 
Corresponds  to  the  blast  front 


When  all  or  pa 
formed  below  the 
earth  (or  water) 

in  the  air. 
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overpressure  is  more  gradual  than  in  air.  On 
thf  oilier  ft and ,  the  duration  of  the  shook  wave 
in  water  is  shorter  tliar.  in  air. 


The  velocity  of  sound  in  water  under  normal 
conditions  is  nearly  n  mile  per  second,  almost 
five  times  as  great  as  in  air.  When  the  peak 
pressure  is  high,  the  velocity  of  the  shockwave 

is  greater  than  the  normal  velocity  of  sound. 

The  rate  of  motion  of  the  shock  front  becomes 

less  at  Lower  overpressures  and  ultimately  ap¬ 
proaches  That  of  sound h  as  it  does  it)  air. 


The  shock  wave  in  water  may  produce  a 
reflected  wave  by  striking  the  bottom  or  any 
rigid  submerged  object.  If  conditions  arc 
favor  able ,  the  primary  wave  and  the  reflected 
wave  may  fuse  to  produce  2  phenomenon  com¬ 
parable  to  the  Mach  front  in  air. 

When  the  shock  wave  touches  the  upper  (or 
air.'  surface  of  the  water,  a  peculiar  phenomenon 
oc  cur  s-  Be  c  aus  e  3  ir  i s  light  er  and  1  e  s  s  rest  stant 

than  water,  the  wave  reflected  back  from  the 


cent  net  point  is  a  RAREFACTION  (or  suction) 

wave.  When  the  rarefaction  wave  reaches  .my 

given  point  below  the  Surface,  a  sharp  pressure 
reduction,  called  CUTOFF,  occurs.  This  neg¬ 
ative  pressure  phase  is  the  short  duration.  The 

time  interval  berv  cor,  The  arriv:il  of  the  direct 


shock  wave  at  a  particular  location  (or  target)  in 
the  water  and  that  of  the  cutoff,  signaling  the  ar¬ 
rival  ■  f  the  reflected  wave,  depends  upon  the 

depth  nf  burst,  the  depth  of  the  target,  and  the 

distance;  from  the  burst  point  to  the  target.  If 

the  underwater  target  (ship  bottom)  is  close  to 

the  surface,  then  the  time  elapsing  between  the 


arrival  of  dir-  two  shock  fronts  will  be  small  and 
the  cutoff  will  occur  soon  after  the  arrival  of 
the  Shock  front.  This  may  result  in  a  decrease 
in  the  extent  of  damage  sustained  by  the  target. 


One  phenomenon  tends  to  neutralize  the  other, 
thus  reducing  the  damaging  power  of  the  explo¬ 
sion.  Fur  shallowly  submerged  targets,  there¬ 
fore,  nuclear  weapons  may  not  always  be  folly 
eff  ectl  ve. 


The  primary  shock  wave  of  an  underwater 
nuci ear  explos ion  str ikes  t  tie  tar  get  ship  or  otli  er 
Object  with  a  suede n  violent  blow  In  this:'  colic n 

a  nuclear  weapon  resembles  a  conventional  one 

with  0 n-  s  i  g  r.  if ic  ant  differ  e no  e .  Th  e  c  c v  v  e a  ti  final 

weapon  delivers  its  blow  at  a  single  point  or  over 
3  comparatively  small  area,  while  the  nuclear 


explosion  acts  simultaneously  ever  a  large  area, 
with  all  encompassing  force, 

Underwater  shock  damages  a  vessel  in  one 

(Or  both}  of  two  ways.  First,  it  may  rupture  or 


at  least  weaken  the  hull.  -Second,  it  may  distort, 

rupture.  Or  break  loose  any  of  the  various  ship  :s 

components  or  installations.  Piping,  shafting. 

air  vents,  and  boiler  brickwork  are  susceptible 

to  damage.  Platforms  supporting  heavy  equip¬ 
ment  may  be  weakened  or  thrown  out  of  proper 
alignment.  Light  objects  may  toe  thrown  about  so 

violently  that  they  become  a  serious  threat  to 
personnel.  Electronic,  fire  control,  and  guided 

missile  equipment  is  likely  to  be  Tendered  in¬ 
operative,  at  least  temporarily.  The  damage  to 

equipment  appears  to  be  related  to  the  peak 
velocity  imparted  tc  the  equipment  by  the  shock 
wave.  The  damage  to  the  hull  of  the  sliip  is 
related  to  thr  energy  per  unit  ares,  of  the  shock 
wave,  evaluated  up  to  a  time  corresponding  to 
the  surface  cutoff  time  at  a  characteristic  depths 
Li  the  Bikini  underwater  test,  light  inter  tor 

equipment,  especially  electronic  equipment*  was 
damaged  at  ranges  considerably  beyond  thE  limit 

of  hull  damage. 

Part  of  the  shock  energy  of  a  shallow  under- 

water  burst  is  transmitted  through  the  surface 

as  a  shock  (or  blast'  wave  of  air.  This  air  blast 

caused  some  damage  to  ship  superstructures  in 
the  tests. 


In  the  effects  just  mentioned,  an  underwater 
nuclear  burst  is  similar  to  a  conventional  mine 

or  depth  charge.  The  major  difference  lies  in 

the  extended  damage  radius  of  the  nuclear  wea¬ 
pon.  The  nature  and  extent  of  d image  sustained 

by  .'1  surface  vessel  from  underwater  shock  will 

depend  upon  the  depth  of  the  burst,  yield,  depth 
of  water,  range,  the  ship  type,  -whether  it  is  op¬ 
erating  or  riding  at  anchor,  and  Its  orientation 

with  respect  to  the  position  of  the  explosion.  In 

vessels  underway,  machinery  will  probably  suf¬ 
fer  somewhat  more  damage  than  those  at  anchor. 

Underwater  structures  such  as  harbor  instal¬ 
lations,  arc  damaged  by  the  shock  wave.  In  the 
Bikini  tffT.  the  floor  of  the  lagoon  was  drastically 
altered  by  the  explosion. 


From  studies  of  the  underwater  burst  at 
Bikini,  charts  have  been  prepared  to  show  the 
extent  of  the  various  effects  of  such  an  ex¬ 
plosion  at  different  'depths  and  distances.  Some 

70  ships  of  different  types  were  placed  in  and 

near  the  test  area.  Figure  14-14  shows  the  ex¬ 
terior  damage  to  one  of  them.  Analysis  and 

evaluation  of  the  damage  produced  much  valuable 

information  on  the-  effects  of  underwater  bursts  „ 
and,  conversely,  ideas  un  how  to  prevent  or 
minimize  damage. 
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Figure  14— 14.  —  Flight  deck  Of  carrier  independence  after  test  at  Bikini.  Blast  pressure  entered 
the  hangar  deck  from  the  side,  through  rupturing  of  side  curtains.  Flight  deckles  bulged  upward 

whereas  hanger  deck  below  was  dished  downward - 


THERMAL  RADIATION  ever,  the  larger  the  yield  of  the  weapon,  the 

longer  will  be  the  PERIOD  of  luminosity.  Within 
Description  this  seven-tenths  of  a  millisecond  from  time 

of  detonation,  the  fireball  of  a !<- megaton weaptai 

Within  a  few  milliseconds  after  the  detona-  will  have  reached  a  diameter  of  440  feet.  The 

tion  of  a  nuclear  weapon,  intensely  hot  ^ases.at  fireball  incr  eases  to  maximum  diameter  of  about 

tremendously  high  pressures,  rapidly  form  a  7 2 GO  feet  at  plus  10  seconds.  It  is  then  rising 

highly  luminous  mass  known  as  the  '‘fireball’ '  at  the  rate  of  approximately  200  mph.  After  a 

or  ‘‘ball  of  fire.“  At  about  seven-tenths  of  a  minute f  the  ball  of  fire  has  cooled  to  an  extent 

millisecond,  the  fireball  from  a  1 -megaton  that  it  is  no  longer  visible. 


nuclear  weapon  would  appear  to  be  more  than 


The  nuclear  explosion  lias  often  been  COM- 


30  times  as  bright  ns  the  sun  a:  noon  to  an  ob-  par  ed  to  the  conventional  high  explosive  doto- 
server  60  miles  away,  Air  hough  the  size  of  nation  in  that,  except  for  the  yield  and  nuclear 
the  fireball  will  vary  with  the  bomb  energy,  radiation  involved,  they  can  be  considered 
the  luminosity  does  not  vary  greatly.  How-  similar.  When  referring  to  thermal  effects, 
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this  can  be  a  poor  comparison  because  of  the 
very  large  proportion  of  energy  released  as 

thermal  radiation  by  -i  typical  nuclear  explo¬ 
sion*  As  was  illustrated  in  figure  14-1,  over 
one -third  of  the  energy  of  a  typical  nuclear 

explosion  manifest  g  itself  in  the  form  of  thermal 

radiation*  Too,  the  temperatures  involved  m  a 
nuclear  explosion  are  much  higher  than  with 
conventional  explosives. 

Thermal  radiation  travels  with  the  speed  of 
light,  so  that  the  time  elapsing  between  its 
emission  from  the-  ball  of  fire  and  its  arrival 


at  a  target  a  few  miles  away,  is  quite  insignif¬ 


icant* 

Much  like  the  sun,  the  fireball  radiates 

ultraviolet  (short  wave  length)  as  well  as  visi¬ 
ble  and  infrared  llong  wave  1  engtta )  r ay s -  Due 


to  Certain  phenomena  associated  with  the  ab¬ 
sorption  of  thermal  radiation  by  the  air  in 
front  of  die  expanding  fireball,  the  SURFACE 
temperature  undergoes  a  curious  change.  While 
the  interior  temperature  of  the  fireball  falls 

steadily,  the  surface  temperature  decreases 

more  rapidly  for  a  small  fraction  of  □  second, 
then  it  increases  again  for  a  somewhat  longer 


P 


after  which  it  falls  coni inuou sly* 


In 


other  words,  there  are  effectively  two  surface- 
temperature  pulses —the  first  of  very  short 
duration,  the  second  fasting  lor  a  relatively  long 

period  of  time  (fig,  td-la).  These  surface- 

temperature  pulses  correspond  to  the  pulses  of 
thermal  energy  radiated  from  the  fireball  in 


EFfcELf.'  SCALE 


100*37 

Figure  14-15*— Emission  of  thermal  radiation 

in  two  pulses  in  an  air  burst, 


bursts  below  50,000  feet. 


high 


altitude 


bursts  there  Is  only  one  thermal  radiation  pulse*) 
In  n  1- megaton  nuclear  explosion,  the  first 
pulsi  laxts  for  about  a  tenth  of  a  second.  The 

are  very  high,  and  much  of  the 

*  The 


radiation  is  in  the  ultraviolet 
situation  with  regard  to  the  second  pulse  is 

quite  different.  This  pulse  may  last  for  several 


seconds  and  it  carries  about 


of  the  total 


thermal  radiation  energy  of  ihe  nuclear  ex¬ 
plosion,  The  temperatures  are  lower  than  in  the 
first  pulse,  and  most  of  the  rays  reaching  the 
earth  are  visible  or  infrared  (invisible)  light* 
It  is  this  radiation  that  is  main  cause  of  akin 


burns  suffered  by  exposed  individuals  up  to  L2 

miles  Or  more,  and  of  eye  effects  at  even 

greater  distances  from  a  1 -megaton  explosion. 
The  warmth  may  be  felt  is  faraway  as  75  miles* 
Since  thermal  radiation  is  largely  stopped  by 
ordinary  opaque  materials,  buildings  and  cloth- 

tug  can  provide  protection.  The  radiation  from 
the  second  pulse  can  cause  fires  to  start  at 
considerable  distances  from  the  burst.  This 
difference  between  the  injury  ranges  of  thermal 
radiation  and  the  other  effects  mentioned  be¬ 


comes  more  marked  with  Increasing  nuclear 
weapon  yield* 

The  most  important  physical  effects  of  the 
high  temperatures  resulting  from  the  absorption 

of  Thermal  radiation  are'  burning  of  the  skin  and 
scorching,  charrui^.,  and  possible  ignition  of 

combustible  organic  substances  such  as  wood, 
fabrics,  and  paper. 

Thin  or  porous  materials,  such  as  light¬ 
weight  fabrics,  newspaper,  dried  griss#  and 
dried  rotted  wood*  will  flame  when  exposed  to 

sufficient  thermal  radiation  (writh  adequate 

oxygen  supply). 


Effect  on  People 


Thermal  radiation  can  be  the  cause  of  flash 
burns  or  flame  burns,  i  lash  burns  arc  directly 
caused  by  the  radiant  energy  of  the  fireball. 

Flame  burns  are  distinguished  from  Hash  burns 

in  that  they  arc  caused  by  fire,  no  matter  what 

the  origin.  Flame  burns  occur  as  a  secondary 
result,  of  thermal  radiation,  for  example*  those 

resulting  from  the  fires  started  by  thermal 
radiation* 

The  very  large  number  of  flash  burns  was 

one  of  the  most;  striking  frets  about  the  mid  ear 
bombing  of  Japan  in  World  War  ll.  It  has  been 
estimated  that  20  to  30  percent  of  the  fatal 
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casualties  at  Hiroshima  and  Nagasaki  were  due 
to  flash  bums,  as  distinct  from  flame  burns, 
Though  significant,  it  should  be  realized  that 

these  illustrated  re  si]  Its  were  magnified  be¬ 
cause  the  atmosphere  was  very  clear  and  the 


cause  the  atmosphere  was  very  clear  and  the 
summer  clothing  worn  was  light  and  scanty. 

Moderately  large  doses  of  ultraviolet  ra¬ 
diation  can  produce  painful  blisters,  Even  small 
doses  Can  cause  reddening  of  the  akin.  How- 
ever,  in  most  circumstances,  the  fir  at  pulse  of 
thermal  radiation  is  not  a  significant  hazard  as 
far  skin  burns  are  concerned. 

Perhaps  the  most  serious  consequence  of 
thermal  radiation  is  its  ability  to  produce  serious 
burn  injury  to  personnel  at  long  ranges. 

Conventionally,  bums  are  classified  ac¬ 
cording  to  their  severity,  in  terms  of  degree 
for  depth)  of  injury,  in  first-degree  burns 
there  Is  only  redness  of  the  skin.  A  moderate 
sunburn  is  an  example  o t  a  first- degree  burn* 
Healing  should  occur  without  special  treatment 
and  there  will  be  no  scar  formation, 

3erond  degree  burns  are  deeper,  more 
severe ,  and  are  characterized  by  the  formation 
or  blisters*  A  severe  sunburn  is  an  example  of 
a  second -degree  burn. 

In  third -degree  burns,  the  full  thickness  Df 


the  skin  is  destroyed 


Unless  skm  grafting 


techniques  are  employed,  there  will  be  scar 
formation  at  the  site  of  the  injury. 

The  extent  of  the  area  of  skin  which  has  been 
burned  is  also  important.  Thus,  a  first  degree 
burn  over  the  entire  body  may  be  more  severe 
than  i  third  degree  burn  to  one  spot.  The  larger 
the  area  burned,  the  more  likely  is  the  appear¬ 
ance  of  symptoms  involving  the  whole  body. 
Further,  there  are  certain  critical,  local 
regions,  such  as  the  hands,  where  almost  any 
degree  of  burn  will  incapacitate  the  individual. 

In  other  words,  all  persons  exposed  to 
thermal  radiation  from  a  nuclear  explosion 
within  a  range  m  which  the  energy  received  is 
sufficient  to  cause  second-degree  {at  leastj 
fiash  burns  will  be  potential  casualties.  Some 
will  bo  protected  to  some  extent  against  thermal 

radiation  and  may  not  be  incapacitated. 

From  information  available,  calculations 
have  been  made  of  the  thermal  radiation  neces¬ 
sary  to  produce  each  degree  of  burn.  Differences 
In  skin  pigmentation  cause  variations,  but  an 
average  is  used.  Other  variations  that  are  in¬ 
cluded  in  the  computations  are  the  size  of  the 
burst,  the  height  of  the  burst,  the  atmospheric 


conditions  {clouds,  smoke,  moisture  content )„ 

and  the  atmospheric  pressure. 

Figure  14-16  in  included  to  show  the  ranges 
lor  moderate  first-,  second-,  and  third-degree 
□urns  from  nuclear  explosions.  The  graph  is 
computed  assuming  a  typical  air  burst  with  clear 
atmospheric  conditions  prevailing,  For  a  typical 
surface  burst,  the  distances  would  need  to  be 
scaled  down  to  about  60  per  cent  of  those  stated. 

If  the  detonation  takes  place  at  high  altitude 
where  the  air  pressure  is  quite  low,  th e  sit.ua tioii 

is  different.  If  the  atmosphere  is  ha£y  the 

distance  a  shown  on  the  chart  may  be  too  great* 
They  are  certainly  too  large  if  there  is  a  sub¬ 
stantial  cloud  layer  of  smoke  below  the  point  of 
burst. 
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Figure  14-16,— Ranges  fur  first-  second-  and 
third  degree  burns  as  a  function  of  total  energy 

yield. 
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Effects  Upon  Materials 


Another  danger  of  a  nuclear  e plosion  is  Its 
possible  affect  on  the  eyes*  Thermal  radiation 
can  cause  both  retinal  burns  and  fii ah  blindness. 
The  first  pulse  of  thermal  radiation r  which 
seldom  causes  ^kin  burns,  is,  however,  capable 
of  producing  retinal  burns  (permanent  or  tem¬ 
porary  effects  on  the  eyc&b  especially  in  in* 

dtvlduala  who  happen  to  be  looking  in  the  direction 
of  the  explosion.  Nu me rou 3  cases  of  flash  b Und¬ 
ue  s a  (t empo ra ry )  were  found  a n long  the  Ja pane s e, 
but  only  one  rase  of  retinal  injury  was  reported. 

This  is  because  o:  the  more  or  less  remote 
Chance  that  an  individual  will  be  looking  directly 
at  the  ball  of  fire. 


.flash  blindness' 


or 


due  to  the 


The  chance  of  temporary 

h  .  n 

f 

flooding  of  the  ey«  with  brilliant  hqh:  13 s  much 
more  prevalent  than  retinal  burns,.  Flasftl  l  ind¬ 
ues  3  is  of  iL  temporary  nature  and  vision  is 
chained  within  a  comparatively  short  time. 
However,  flash  blindness  is  of  military  signif¬ 
icance,  since  it  may  extend  to  2  or  3  hours. 
Because  of  the  focusing  action  of  the  lens  of 
the  eye,  enough  energy  can  be  collected  to 
produce  a  burn  on  the  retina  at  such  distance 
from  ei  nuclear  explosion  that  the  thermal 
radiation  Intensity  i*  loo  small  to  produce  a  skin 
burn.  As  a  r  e su It  of  a ee  iden t  a  1  exposure s  du r  t  ng 
nuclear  tests,  a  few  retinal  burns  have  been 
experienced  at  a  distance  of  10  miles  for  the 
explosion  of  a  2Q-KT  weapon,  rtiabelievcd  that 

under  suitable  conditions,  sudiburns  might  have 

resulted  at  even  greater  distance.  Retinal  burns 
occur  so  soon  after  the  explosion  that  reflex 
actions,  such  as  blinking  and  contraction  of  the 
eye  pupil,  give  only  Limited  protect  ion,  Ir.  all  in¬ 
stances,  there  will  be  at  least  a  temporary  loss 
of  visual  acuity,  but  the  ultimate  effect  will 

on  the  severity  of  the  burn  and  on  its 
location  on  the  retina. 


Eye  damage  is  greater  under  nighttime  con¬ 
ditions.  In  tests  with  rabbit  s  and  a  high  altitude 
burst  of  1-megat  >n,  chorioretinal  burns  oc¬ 
curred  at  slant  ranges  up  to  345  miles.  No 
measurements  were  made  beyond  that  range,  so 
it  is  not  known  how  far  away  retinal  burns  mieht 
have  occurred,  Although  there  are  differences 
between  human  and  rabbit  eyes  and  the  data 
have  not  been  extrapolated  for  human  eyes,  it  is 
believed  that  a  1  -  megaton  high- altitude  burst 
endanger#  the  eyes  of  human  beings  at  distance  s, 
greater  than  200  miles,  and  possibly  a 3  far  as  the 

eye  can  see. 


When  thermal  radiation  st  rikes  ary  material 
or  object,  part  may  be  reflected,  part  will  be 

absorbed,  and  the  remainder  if  atiyT  will  pass 

through  and  ultimately  strike  other  materials. 

It  Is  the  radiation  absorbed  that  produces  the 

he.it  damage  suffered  by  the  material.  The  nature 
of  the  material  and  its  color  determine  the  extern 
or  amount  of  absorption  of  the  radiant  heat. 


Tabl  e  s  ha v  e  been 


showing  the 


radiant  exposure  required  to  ignite  different 
types  of  fabrics,  hous eliold  ma t erials,  n nd  forest 
fuels.  Table  1-3-2  lists  some  of  the  materials 
and  the  approximate  number  of  thermal  calories 

per  square  centimeter  required  to  produce  the 
burning  or  charring  effect.  The  chart  in  figure 

14-17  shows  the  thermal  energy  received  at 

various  Slam  ranges  from  different  size  weap¬ 
ons.  The  figures  given  arc  not  absolute,  since 
different  conditions  of  the  atmosphere  cause 
variations  In  the  amount  of  thermal  energy 
reaching  a  certain  point.  The  graph  assumes  1 
reasonably  clear  state  of  atmosphere,  that  is, 


a  v 


lit v  rtf  LG  miles  or  more. 


14-2 


Effects 

Approx,  cal/cm2 

required; 

1  KT 

100  KT 

10  MT 

Second-degree  bare 

skin  bum 

4 

a 

Newspaper  Ignition 

3 

5 

9 

White  pine  charring 

10 

18 

32 

Army  khaki  summer 

uniform  destruction 

10 

31 

56 

Navy  white  uniform 

destruction 

34 

60 

109 

Thermal  energies  are  expressed  in  calories 

per  unit  area— square  centimeter,  Note  that 
the  amount  of  energy  required  for  burning, 
charring,  etc.,  varies  inversely  with  the  yield 
of  the  nuclear  weapon.  This  is  because  of  tin? 
rate  at  which  the  energy  is  delivered.  For  a 

given  total  amount  of  thermal  energy  received 
by  each  unit  area  of  exposed  material,  the 
damage  will  be  greater  if  the  energy  is  de¬ 
livered  rapidly  than  if  it  is  delivered  slowly. 
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This  means  that  in  order  to  produce  the  same 

thermal  effect  in  a  ^iven  material  the  total 

amount  of  thermal  energy  (per  unit  area)  re¬ 
ceived  must  be  larger  for  a  nuclear  explosion 
of  high  yield  than  for  on#  of  fewer  yield, 
because  the  energy  is  delivered  over  a  longer 

aeriod  ojf  time,  i.e.  more  slowly,  in  the  former 

case. 

Unless  scattered,  thermal  radiation  travels 
in  straight  lines  like  ordinary  light.  For  this 

reason  any  solid,  opaque  material,  such  as  a 

bulwark,  gun  shield,  hill,  or  tree,  between  a 
given  object  and  the  fireball  will  act  as  a  SHIELD 
and  thus  provide  protection  from  direct  thermal 

radiation. 

These  effects  were  seen  in  Japan  in  the  areas 
beyond  the  areas  of  complete  destruction.  The 
aid ps  of  telephone  posts  facing  the  blast  were 

charred  and  blackened  while  the  opposite  side 

was  unharmed.  The  same  effect  was  seen  on 
other  materials  and  objects. 

The  chart  in  figure  14-17  may  be  used  to 
estimate  the  distance  at  which  specific  materials 
are  likely  to  be  ignited  by  a  certain  size  nuclear 
burst.  For  example,  how  far  from  a  1-megaton 
burst  can  you  expect  ignition  of  household  items 
such  as  oily  dust  mopsp  oily  rags,  and  crumpled 
newspapers?  The  average  radiant  exposure  re¬ 
quired  for  ignition  of  such  items  is  5  calories 

per  square  centimeter  :.5cal..  sq.cm).  On  the 
chart,  fallow  the  line  for  I  mt.  until  it  intersects 
the  slant  line  for  5  cal/ sq.cm.,  which  you'll  find 
is  11  miles.  On  an  average  clear  day,  fires  will 

be  started  bv  absorption  of  thermal  radiation  in 
the  materials  named.  Under  other  conditions, 
this  distance  is  decreased. 

Fires  that  are  caused  directly  by  thermal 
radiation  are  called  primary  fires.  Secondary 

fires  are  due  to  other  causes,  for  which  the 

blast  is  responsible,  such  as  upset  stoves, 
broken  gas  and  fuel  lines,  and  electrical  short 

circuits.  The  evidence  Irom  Hiroshima  and 

Nagasaki  indicated  that  the  great  majority  of 
tires  were  secondary  in  origin.  Even  though 
few  fires  may  be  started  by  the  radiant  heat 
from  a  surface  burst,  there  will  be  many  fires 
of  the  secondary  type  due  indirectly  to  the  blast 
damage. 

FIRE  STORM,— No  matter  what  the  Im¬ 
mediate  cause,  a  nuclear  burst  over  a  built-up 
area  will  result  in  many  (ires  burning  simul¬ 
taneously  over  a  wide  area.  Once  the  fires  have 

started,  the  chances  of  their  spreading  will 
depend  on  the  combustibility  and  closeness  ef  the 
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buildings,  the  nature  of  the  terrain,  die  weather 

conditions,  and  the  adequacy  of  the  defense. 

When  a  large  area  is  burning  simultaneously* 

the  phenomenon  known  as  "fire  storm'*  may 
develop.  Individual  fires  merge  into  one  gigantic 

infer  no.  As  a  result  of  the  huge  masses  of  hot 

air  and  gases  rising  from  the  fire,  air  is  sucked 

in  with  great  force.  Strong  winds  consequently 
blow  from  out;; id e  toward  the  center  of  the  area 
on  fire.  The  effect  is  similar  to  the  draft  that 

sucks  up  a  chimney  under  which  a  fire  is  burning, 

except  that  it  is  on  a  much  larger  scale.  Every¬ 
thing  combustible  in  the  area  is  burned.  A  fire 

storm  is  not  produced  only  by  a  nuclear  expo  si  on 
nor  does  it  necessarily  follow  one.  A  fire  storm 

can  be  caused,  by  an  earthquake  that  results  in 
many  Secondary"  fires  {3an  Francisco),  or 
from  a  forest  lire,  or  incendiary  bombs.  The 
sreat  Chicago  lire,  started  by  Mrs.  O'Leary's 
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raw,  became  a  fire  a^orm,  The  incidence  of 
fire  storms  is  dependent  on  the  conditions  ex¬ 
isting  at  the  time  or  the  fire,  Although  many 
fires  were  started  in  Nagasaki  by  the  explosion* 
there  was  no  definite  fire  storm  because  the 
winds  blew  the  fire  toward  a  thinly  populated 

narrow  valley  where  there  was  little  material 

to  feed  the  fire. 

RESISTANCE  OF  MATERIALS  TO 
BURNING.— Highly  reflecting  and  transparent 
substances  do  not  absorb  much  of  the  thermal 

radiation  and  so  are  relatively  resistant  to  Ltg 
effects,  A  thin  material  will  often  transmit  a 
large  proportion  of  the  radiation  striking  it >  and 
thuy  escape  serious  damage.  A  dark  fabric  will 
absorb  a  much  Larger  proportion  of  thermal 
radiation  than  will  the  same  kind!  of  fabric  that 
is  white.  However,  a  light-colored  material 
which  blackens  (or  chars)  readily  in  the  early 
stages  Of  exposure  to  thermal  radiation  will 
behave  essentially  as  a  dark  material  regard¬ 
less  of  its  Original  color* 

Some  bizarre  skin  burns  were  seen  among 
the  Japanese  population.  The  pattern  of  the  dress 
fabric  was  burned  into  the  skin,  with  the  deepest 
bums  matching  the  dark  stripes  or  pattern  of  the 

fabric. 

Thick  organic  materials,  such  as  plastics, 
heavy  fabrics,  and  wood  more  than  1/2  inch 
thick,  char  but  do  not  burn.  Dense  smoke, 
even  jets  of  flame  may  be  emitted,  but  the 
material  does  not  sustain  ignition.  This  type  of 
behavior  is  illustrated  in  the  photographs  taker, 
of  a  white -painted  wood  frame  hnuse  during  one 
of  the  nuclear  tests  in  Nevada,  As  figure  14-1 8 A 
indicates,  at  virtually  the  instant  of  the  explosion, 
the  house  became  covered  with  thick  black 
smoke,  and  no  sign  of  flame*  Very  shortly 
thereafter,  but  before  the  arrival  of  the  blast 
wave,  the  smoke  ceased,  as  inchoated  in  figure 
14-1  SB,  The  white  paint  coat  reflected  pan  of 
the  thermal  radiation  and  reduced  the  chance  of 
fire*  Pr  e  sn  m  ably  b  e  cau  sc  the  heat  wa  &  pa  art  ia  lly 
conducted  away  from  the  surface,  the  tempera¬ 
ture  was  not  high  enough  during  the  short  ef¬ 
fective  radiation  puls^  for  the  wood  to  ignite; 
however,  thin  combustible  material  would 
probably  burst  info  flame  ac  the  same  location. 

Range  of  Thermal  Radiation 

A  T  MOSPH ERIC  C OND ITIO X5  a  1  so  p  1  ay  a  pa rt 
in  the  amount  of  thermal  radiation  received  by 

a  particular  object.  However,  they  do  not  play 


Figure  H-18, 


white- pa  luted  exterior  of  wood  frame  house; 
A.  Almost  immediately  after  explosion;  B*  Ef¬ 
fects  as  seen  about  2  seconds  later. 


as  important  a  part  in  attenuating  thermal  radia¬ 
tion  as  was  once  suspected.  When  visibility  is 

in  excess  of  3  miles  (light  haze  or  clearer),  the 
total  amount  of  thermal  radiation  received  will 
be  essentially  the  same  as  that  on  an  '’excep¬ 
tionally  clear' *  day  (visibility  nrtore  than  30 
miles)*  Thi?  is  because  any  decrease  in  direct 
radiation  is  largely  compensated:  for  by  an  in¬ 
crease  in  scattered  radiation* 

When  visibility  Is  less  than  2  miles  because 
of  rain,  fo.:,  or  dense  industrial  smoke,  there 


will  be  a  definite  decrease  in  radiant  energy 

(thermal  )  received  at  any  specified  distance. 


CLOUDS  ran  also  affect  the  amount  of  ra¬ 


diant  energy  received.  For  example,  if  an  ex¬ 


plosion  occurs  about  a  cloud  layer,  there  will 


be  considerable  attenuation  at  ground  level. 
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Conversed,  should  an  explosion  occur  beneath  oil  during  the  first  minute  by  the  radioactive 

■  P  "  e  j  a  ■  >  ■  4  .1  ¥  JL  S_  _  -k 


c  1  oud  layer5  some  of  the  ra 


lOtl  w 


Iq  that 


fission  products  in  the  rising  cloud.  In  that 

would  normal lv  have  been  lost  to  apace  will  be  first  minute  the-  amounts  of  gamma  radiation 

scattered  back  to  earth ♦  from  the  explosion  and  from  induced  activity 

Artificial  white  (chemical)  SMOKE  can  be  are  about  equal, 
used  to  attenuate  thermal  radiation*  for  it  acts  Some  alpha  and  beta  particles  are  also 

like  fog  Lit  this  respecd .  A  dense  smoke  screen  emitted,  but  these  have  such  short  ranges  and 
between  the  point  of  burst  and  a  given  target  little  penetrating  power  that  they  are  not  a  source 
can  reduce  thermal  radiation  to  ns  little  as  Of  danger  in  tha"  lirs'  minute.  Alpha  p3rtic.es 
one-tenth  of  the  amount  which  would  otherwise  can  travel  only  1  to  2  inches  m  air  before  being 


have  been  received  a:  the  target.  However, 
there  is  not  likely  to  be  time  to  throw  u.  an 

effective  smoke  screen  in  case  of  a  nuclear 

explosion. 

The  effective  range  of  thermal  radiation  is 
greater  in  open  terrain  and  at  sea,  where  there 
is  no  protection  from  the  radiant  heat,  than  in 
built-up  areas,  where  much  if  the  radiation  is 


obstructed. 


The  Bikini  tests  indicated  that 


thermal  radiation  would  not  he  an  appreciable 

factor  in  producing;  da  mag#  at  sea.  since  the 

exposed  portions  of  naval  vessels  are  prac¬ 
tical  1  y  f  i  reproof.  Howv#  r ,  t  hi  $  does  not  exc  hid  e 
the  [possibility  of  secondary  fires  involving  such 
combustibles  as  gasoline  or  explosives  where 
there  has  been  extensive  blast  damage. 


NIX  I  EAR  RADIATION 


It  lias  been  previously  pointed  out  That  I  !> 
per  tip] at  of  the  total  energy  yield  of  a  typical 

nuclear  weapon  is  distributed  in  the  form  li 
nuclear  radiations  (fig,  14-1'.  Let  j a  explore 
further  what  this  radiation  consists  of,  how  it 

occurs,  and  what  its  dangers  arc. 

In  any  nuclear  explosion  there  is  an  initial 
flux  of  radiations  consisting  mainly  of  gamma 
rays  and  neutrons,  Beth  :T  these  especially 
ga n i ma  radiation  t ra v  d  gr eat  di s to nc e s  lh r cog h 
the  air,  and  can  penetrate  great  thicknesses  of 

material.  Remaining  within  the  fireball  are 

fission  products  and  unfissi  mod  bomb  material. 
These  fission  products  and  units  stoned  bomb 

material  are  also  radioactive,  and  emir  gamma 

rays  and  beta  particles.  This  emission  of  beta 
particles  and  gamma  rays  from  the  radioactive 
substance  is  a  gradual  process,  unci  Its  hazard 
therefore  remains  over  a  significant  period  of 
time* 

INITIAL  NUCLEAR  RADIATION  is  arbi¬ 
trarily  defined  as  that  radiation  emitted  within 

V 

(approximately )  the  first  minute  after  the  ex¬ 
plosion*  initial  nuclear  radiation  includes  those 
neutrons  and  gamma  rays  given  off  almost  m- 


a topped;  beta  particles  can  go  several  hundred 

times  farther,  but  even  with  their  greater  speed, 

they  cannot  penetrate  a  sheet  of  aluminum  more 
than  a  few  millimeters  thick.  It  is  the  highly 
inj  uriuus  nature  and  long  rang e  of  gamma  rays 
and  neutrons  that  makes  them  such  a  significant 

aspect  of  nuclear  explosions. 

‘  RESIDUAL  RADIATION  is  that  emitted  after 
approximately  one  minute  from  the  instant  of  a 


nuclear  explosion.. 


TV  s  is  rad  it  1 1  j  n  or  ig  ina  t  es 


mainly  from  the  bomb  residues;  that  is,  from  the 

fission  products  and,  to  a  Lesser  extent*  from  the 

uranium  3 nd  or  plutonium  which  has  escaped 

fission.  Additionally*  the  residues  will  usually 
contain  some  radionuclides  as  a  result  of 
“neutron  capture”  by  >ther  weapon  materials. 
Still  another  source  of  residual  nuclear  radiation 
is  the  activity  induced  by  neutrons  captured  in 
various  elements  present  in  the  explosion  en¬ 
vironment* 

All  of  the  nuclear  radiation  discussed  thus 

far  in  this  section  ;<?  that  result  of  fission  re¬ 
actions.  Neutrons  are  the  only  significant 
nuclear  radiations  produced  lii  pure  fusion 
reactions,  Thus*  it  can  be  seen  that  for  ex¬ 
plosions  in  which  both  fission  and  fusion 
(thermonuclear)  processes  occur,  the  propor¬ 
tions  of  specific  radiations  will  differ  from 
*hnse  of  tvnscal  fissi  in  explosions.  However, 


those  of  typical  fission  explosions.  However, 

for  present  purposes,  ihc  difference  may  be 

disregarded.  Since  gamma  rays  and  neutrons 
i.aj-ne  similar  type  injury  to  humans,  the  com¬ 
bined  effect  may  be  considered*  although  the 
relative  biological  effectiveness  (RBEj  of  neu- 
; runs  is  much  greater  than  that  of  gamma  rays. 


Fall  ant 


As  I  he  height  ai  burst  of 


nuclear  ex- 


stantdneouply,  as  well  ns  The  gamma  rays  given 


plosion  occurs  nearer  the  surface  of  the  earth 
or  sea),  larger  and  larger  proportions  of  the 

car  di  (or  water)  enter  the  fireball  and  are  fuzed 

nr  vaporized,  When  sufficient  cooling  has  oc¬ 
curred,  the  fission  products  become  incorpor¬ 
ates  with  the  earth  panicles  as  a  result  of  the 
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condensation  of  the  vaporized  products  Into 

fused  particles  of  earth,  etc*  As  the  violent 
disturbance  due  to  the  explosion  of  the  nuclear 

weapon  subsides,  these  contaminated  particles 
fall  gradually  back  to  the  earth*  This  effect  is 

referred  to  as  the  FALLOUT,  The  extent  and 

nature  of  the  fallout  can  range  between  wide 
extremes— dependent  on  the  energy  yield  and 
design  of  the  bomb,  the  height  of  the  explosion, 
the  nature  of  the  surface  beneath  the  point  of 
burst,  and  the  meteorological  conditions.  In  the 
case  of  an  AIR  BURST  occurring  at  an  appre¬ 
ciable  distance  above  the  earth's  surface,  so  that 
no  large  amounts  of  dirt  (or  water)  are  sucked 
into  the  cloud,  the  inherent  radiation  win  bo 
widely  dispersed.  Or,  the  oiher  hand,  a  nuclear 

explosion  occurring  at  or  near  the  earth’s 

surface  can  result  in  SEVERE  contamination  by 
the  radioactive  fallout* 

It  should  be  understood  that  fallout  is  a 
gradual  phenomenon  extending  over  a  [.eriodof 
time*  There  can  be  considerable  fallout  many 

hours  after  the  surface  detonation  of  a  nuclear 

weapon,  and  many  miles  away*  Additionally, 
there  is  a  phenomenon  -called.  WORLDWIDE  or 
delayed  FALLOUT  which  may  continue  for  years 

after  a  nuclear  explosion.  Fallout  that  occurs  Fallout  and  Type  of  Burst 

within  24  hours  of  a  nuclear  explosion  is  refer* 

red  to  as  J-QCAU  or  earlv  FALLOUT*  ^  .  ...  r  ...  , 

Contamination  of  the  earth's  surface  with 

radioactive  material  results  from  neutron 
activity  after  a  nuclear  explosion  and  from 

fallout.  The  amount  of  contamination  and  its 

distribution  vary  with  the  factors  previously 
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Figure  14-19.— Rate  of  decay  of  fission  pro i; 
after  a  nuclear  explosion  (activity  rated  as 
at  1  hour  after  detonation)* 


RADIOACTIVE  DECAY Fission  products, 
which  make  up  the  greatest  hazard  in  residua] 
radiation,  art  initially  very  radioactive.  How¬ 
ever,  this  activity  falls  oil  at  a  fairly  rapid  rate 
as  the  result  of  decay*  Figure  14-19  shows  the 

exponential  rate  of  decay  of  fission  products 

after  a  nuclear  explosion, 

The  mixture  o£  radioisotopes  present  after  a 

nuclear  explosion  is  so  complex  it  is  impossible 
to  represent  the  decay  as  a  whole  in  terms  of 

ha  If- life,  as  each  radioisotope  has  its  own 
definite  half-life,  ranging  from  a  fraction  of  u. 
second  to  a  million  years.  The  chart  presence 
a  fairly  simple  formula  for  calculating  the  ap¬ 
proximate  decrease  in  total  radiation  intensity 

in  relation  to  time.  The  residual  radioactivity 

for  the  fission  products  at  1  hour  after  nuclear 

detonation  is  taken  as  IDO  and  the  subsequent 
decrease  with  time  13  indicated  by  the  curve. 

At  1  hours  after  the  explosion,  for  example, 

the  fission  product  activity  will  have  decreased 

to  one-tenth  (10  percent)  of  its  a  mount  at  1  hour. 
After  2  days,  the  activity  would  have  decreased 
to  about  I  percent  of  the  1  -hour  value* 


The  cloud  of  a  th er mo  mi cl ea r  explosion  rifles 
rapidly  to  the  highest  levels  of  the  atmosphere 

and  spreads  over  hundreds  of  square  mile  sin  the 

first  hours*  During  this  time  the  particles  are 
being  acted  upon  by  the  winds,  including  those  up 
to  GQjGGO  Or  80,000  feet,  which  may  vary' greatly 
in  direction  and  velocity  at  different  heights* 
Particle  size  will  affect  the  rate  of  fall  and.  as 

the  material  h-scends  through  the  rain  cloud 

bearing  levels,  the  fallout  may  be  slightly  ac¬ 
celerated  by  rain  Or  snow.  The  fallout  mayor 
may  not  be  visible,  but  in  any  case,  it  can  be 

detected  with  radiac  equipment*  Falling- dust  or 

ash,  if  visible,  probably  will  be  radioactive. 

AIR  BURST. -The  RADIOLOGICAL  EF¬ 
FECTS  from  a  typical  air  BURST  are  com¬ 
pletely  overshadowed  by  the  effects  of  blast  and 

thermal  radiation.  An  exception  to  this  would 

be  a.  ,Jlow"  air  burst  of  a  high  yield  weapon 
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where  there  would  be  extensive  induced  radio¬ 
activity  in  the  vicinity  of  ground  zero.  Radio¬ 
logical  effects  might  also  bo  of  so  trie  con¬ 
sequence  to  those  persons  shielded  from  the 
primary  causes  erf  casualties,  and  to  these 

beyond  the  areas  of  serious  blast  and  thermal 

damage. 

SURFACE  BURST.— A  surface  burst  nuclear 

explosion  presents  an  entirely  different  picture. 

With  a  surface  burst,  even  though  the  induced 
activity  will  be  considerable,  the  activity  of  the 
FALLOUT  will  be  of  much  greater  eonsa- 

quenc  e. 

The  surface  burst  causes  targe  amounts  of 

earth  (water)*  dust,  and  debrig  if)  be  taken  up 
into  the  fireball  in  its  early  stages.  Here  they 
arc  fused  or  vaporized  and  become  intimately 

mixed  with  the  fission  products  and  other 
bomb  residues.  As  a  result  there  .3  formed, 
upon  cooling,  a  tremendous  number  of  small 
particles  contaminated  to  game  distance  b slew 
ihetr  surface^  with  radioactive  matter.  In 
addition,  there  are  considerable  cju antities  of 
pieces  and  particles,  covering  a  range  o:'  sizes 


of  which  fusion  products  are  more  or  less 

firmly  attached* 

The  larger  (heavier)  pieces,  which  will 
include  a  great  deal  of  contaminated  material 

scoured  and  thrown  out  of  the  n rater,  will  not 
be  carried  up  into  the  mushroom  cloud,,  but 
will  descend  from  the  column.  Provided  the 
wind  is  not  excessive,  these  large  particles,  as 
they  fall,  will  form  a  roughly  circular  pattern 
around  ground  zero  :  though  the  circle  will  be 

somewhat  eccentric  as  the  result  of  any  wind). 

Must  of  this  heavier  material  referred  to  above 


will  descend  within  an  hour  or  so. 

The  smaller  particles  present  in  the  atomic 
cloud  will  bo  carried  up  to  a  height  of  several 

miles,  and  may  spread  out  some  distance  in 

the  mushroom  cloud  before  they  begin  to  de¬ 
scend.  The  actual  lime  taken  to  return  to  the 
earth,  and  the  horizontal  distance  traveled, 

will  depend  upon  the  original  height  attained, 


the  size  of  the  particles,  and  upon  the  wind  in 


the  upper  atmosphere. 


The  fraction  of  the  total  radioactivity  of  the 


bomb  residues  that  appears  in  the  fallout  de¬ 
fends  upon  the  extent  to  which  the  fireball 


touches  the  surface.  Thus,  the  proportion  of 


available  activity  increases  as  the  height  of 
the  hurst  decreases  and  more  of  the  fireball 
comes  in  contact  with  the  earth  (or  water).  In 
the  case  of  a  “contact  hurt*,1*  some  501  of 


the  total  residual  radioactivity  will  be  deposited 
on  the  ground  with  10  a  few  hundred  miles  of  the 
explosion.  The  remainder  of  the  activity  will 
remain  suspended  for  sj  long  period  of  time  as 
with  an  air  burst. 

The  intensiry  of  the  radioactivity  is  very 
high  immediately  after  fhe  burst,  but  decays 

rapidly.  Therefore,  since  not  much  time  will 
have  elapsed,  the  particles  reaching  the  r round 
near  the  burst  will  he  highly  radioactive,  while 

those  which  are  carried  a  long  distance  will 
have  lost  much  cl  their  radioactivity  before 
they  alight. 

Although  the  area**  seriously  affected  by 
heat  and  blast  of  thermonuclear  weapons  are 
large,  they  arc  small  when  Compared  to  the 
area  of  residual  radiation  hazard  produced 
by  fall  out,  Because  of  many  uncertainties* 

especially  of  wind  direction  and  velocity  tit 

different  heights*  it  is  impossible  to  apply  a 

standard  fallout  pattern  to  ail  detonations.  An 
idealized  fallout  pattern  has  been  prepared  and 
a  commandHig  officer  can  adjust  the  outlines 
according  to  whatever  information  is  available 

10  him  at  the  tsme  and  plan  his  defenses  lor  the 
area  expected  to  receive  fallout.  Su  eh  knowledge 
would  include  information  on  wind  and  weather 
conditions  in  the  area*  the  topography  of  the  area* 
and  location  and  nature  of  natural  or  manmade 
shelters. 

Asa  general  rule*  the  pattern  of  contamina¬ 
tion  will  be  as  illustrated  in  figure  14-20.  It 

becomes  an  elongated  Cigar-shaped  area  ex¬ 
tending  downwind  from  the  point  of  burst.  Of 

course  this  pattern  will  vary  with  die  wind 
velocities  find  directions  at  all  altitudes  between 
the  ground  and  the  height  of  the  atomic  cloud. 
The  actual  fallout  assumes  a  somewhat  Ir¬ 
regular  shape,  such  as  that  shown  in  figure 
14-21*  which  was  from  a  43 -KT  shot, 

Note  that  the  areas  downwind  are  not  im- 
mediately  contaminated.  Rather,  most  gf  the 
downwind  area  will  not  be  seriously  contaminated 

until,  hours  after  the  explosion.  For  an  example 
fig.  :  4  -  EC  ,  a  location  %1  miles  downwind  will 

have  a  DOSE  RATE  of  about  10  roentgens/ hour 

one  hour  after  the  detonation.  At  2  hours*  the 
dose  rate  has  increased  to  1000  r/hr.  Finally, 
at  18  hours,  it  is  down  to  roughly  SO  r/hr.  The 

increase  in  dose  from  1  to  2  hours  means  that 

fa  11  our  was  not  complete  at  ]  hour  after  the  ex¬ 
plosion.  With  respect  to  the  ACCUMULATED 

DOSE  received,  at  one  hour  after  detonation*  the 

100- mile  point  will  not  have  received  any  ap¬ 
preciable  radiation  because  the  fallout  tms  only 
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PRINCIPLES  OF  GUIDED  MISSILES 


NTJC I  E  A  H 


U NDE RG RO U ND  BURST.— Die  ext ent  of  r <? - 
Sldual  radiation  accompanying  an  underground 
burst  will  depend  primarily  on  the  depth  of 
burst  and  the  weapon  yield*  With  regards  to 
initial  radiation,  it  is  either  JMftflpparent  or  in¬ 
consequential  by  comparison  to  the  residual 
radiation. 

if  the  explosion  occurs  at  sufficient  depth 

below  the  surface,  essentially  none  of  the  bomb 
residues  and  neutron- induced  radioactive  ma¬ 
terials  will  escape  to  the  atmosphere*  There 
will  be  no  appreciable  fallout. 

On  the  other  hand,  if  the  burst  is  near  the 
surface  that  the  bull  of  fire  actually  breaks 
through,  die  consequences  as  regards  fallout 
will  not  vary  greatly  from  those  of  a  surface 
burst.  Other  circumstances  being  more  Or  less 
equal,  the  contamination  in  the  crater  area  fol¬ 
lowing  an  underground  burst  will  be  about  the 

same  as  for  a  surface  explosion  of  equal  fis¬ 
sion  yield*  However,  the  total  contaminated 

area  for  a  shallow  underground  burst  will  be 

greater  because  of  the  larger  amount  of  fission 
products  present  in  the  fallout. 

UNDERWATER  BURSTS  ^Radiological  ef¬ 
fect  s  of  UNDER  WA TE  R  B V  R  STS  c  losely  pa  ra  11  el 
those  of  underground  origin.  The  base  surge, 
consisting  of  a  contaminated  cloud  or  mist  of 
small  water  droplets  also  has  a  parallel  in  the 

m nd e rg r ound  phenomena*  During  the  first  15 
minutes,  the  base  surge  is  a  source  of  eon- 

t  ami  nation*  but  the  radiation  intensity  declines 
rapidly*  The  total  amount  of  radiation  from  the 
base  surge  and  u rain-out"  from  the  atomic 
cloud  varies  with  the  size  and  type  of  hurst,  the 

depth  of  the  water*  and  other  factors,  In  the 
BAKER  test  at  Bikini,  the  early  dose  rate  of  the 
base  surge  was  100,000  roentgen ^  per  hour, 
From  a  deep  underwater  burst  there  would  be  no 
airborne  cloud  and  consequently  no  fallout  or 

rainout*  As  a  general  rule,  the  base  surge  is 
expected  to  present  a  considerable  radioactive 
hazard  for  a  distance  of  several  miles,  especially 
downwind.  The  parts  of  the  ship  that  are  ex¬ 
posed  to  the  base  Surge  can  absorb  a  great  deal 

of  radioactivity* 

•9 

An  important  difference  between  an  Under¬ 
water  burst  and  one  occurring  underground,  is 
That  the  radioactivity  remaining  in  the  water  is 

gradually  dispersed,  whereas  that  in  the  ground 

is  not.  Therefore,  as  a  result oi diffusion  of  the 
various  bomb  residues,  mixing  with  large 
volumes  of  water  outside  the  contaminated  arei 
and  the  natural  decay,  the  radiation  intensity  of 
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’igure  14-20*— Dose- rate  contours  from  early 
fallout  at  1,  6,  and  18  hours  after  a  surface 
burst  with  1- mega  ton  fission  yield  (15  mph 
effective  wind  sneedL 
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Figure  H- 2 1  *— Early  fallout  dose-rate  contours 
from  ific  TURK  shot  ;=t  the  N-tl.  ada  Test  site-. 


the  water  in  which  a  nuclear  explosion  has  oc¬ 
curred  will  decrease  fairly  rupttfly.  Additions  - 
ally,  fission  products  will  settle  to  thebottoni  of 
the  body  of  the  water,  time  greatly  attenuating 

the  radiological  hazards. 

The  radiation  hazard!  therefore  is  much  less 
than  the  same  amount  Of  fallout  over  land.  The 
radioactive  water  will  be  transported  by  prevail¬ 
ing  currents,  and  if  the  currents  are  known,  the 
radioactive  areas  can  be  charted  and  avoided. 

Pi  stilled  water  made  from  lightly  con* 
laminated  sea  water  it  perfectly  safe  to  drink* 
This  is  be  muss  the  raJLi.. active  material  remains 
behind  in  the  residual  scale  and  brine  of  the 
distillation  process.  However,  the  ship’s  wap* 

orators  must  be  secured  while  the  ship  is  ill 

significantly  contaminated  waters,  i  avoid 
carrving  dangerous  contamination  into  dm  ship's 
interior.  Also,  it  would  be  extremely  difficult 
to  decontaminate  the  evaporator  and  keep  con- 
lamination  from  reaching  the-  water  tanks.  Il 

should  also  be  emphasized  that  mere  bulling  o£ 

water  is  Of  no  value  as  regards  the  removal  at 

radioactivity. 

Radiation  Injury 

As  the  student  will  recall  from  chapter  12, 
the  injurious  effects  of  nuclear  radiation  re- 

res  outs  a  phenomenon  completely  absent  in 


conventional  explosions.  Far  this  reason,  the 
subject  of  RADIATION  INJURY  will  be  dis¬ 
cussed  here  in  more  detail. 


The  harmful  effects  of  radiation  appear  to 
be  due  to  the  ionization  (and  excitation)  pro¬ 
duced  in  the  cells  that  make  up  living  tissue* 

As  a  result  of  Ionization,  some  f  the  constit¬ 


uents  that  are  essential  to  normal  functioning 

an-  Tama ged  or  destroyed.  Some  of  the  prod¬ 
ucts  formed  may  act  as  cell  poisons*  Addi¬ 


tionally,  the  living  cnlls  arc  frequently  unable 

to  undergo  mitosis,  so  that  normal  cell  re¬ 
placement  is  inhibited. 

The  effects  of  nuclear  radiations  on  living 
organisms  depend  not  only  on  the-  total  dose, 
that  is,  on  the  amount  absorbed,  but  also  on 
the  rate  of  absorption,  i.e.,  on  whether  it  is 
ACUTE  or 


.  In  an  acute  exposure, 

the  whole  radiation  dose  is  received  in  a  rela¬ 
tively  short  period  of  time.  It  has  somewhat 
ar:;i;rartlv  been  isrfined  £3  that  lose  received 


a  24 -hour  period. 


rn-iifitinns, 


like  those  which  may  be  received  from  fission 
p roduct  s,  persist  jver  a  longer  period  of  time 
and  this  type  ol  exposure  is  ji  the  chronic  type. 


The  distincTion  between  acute  and  chronic 

exposure  lies  in  the  fact  that,  if  the  dose  rate  is 
nut  too  high,  the  body  can  achieve  partial 
recovery  from  some  of  the  consequences  of  the 

nuclear  radiations  while  still  exposed.  In  ad- 
.lit  ion  to  the  above,  the  p ere  erf  f  body  exposu re 

has  significance.  If  follows  then,  that  whereas  a 
person  would  die  us  the  result  of  acute  exposure 
of  1000  re  m  s  whole -body  radiation,  he  would 

probably  suffer  no  noticeable  external  effects 
if  the  dost  were  spread  over  a  period  of  30  years. 
The  injury  caused  by  a  particular  dose  of 

radiation  will  depend  upon  the  extent  and  part 
of  the-  body  that  is  exposed*  Different  portions 

of  the  body  show  different  sensitivities  to 

ionizing  radiations,  and  there  are  variations  in 
the  degree  of  sensitivity  am  -nv  individuals.  The 
age  and  the  physical  condition  of  ?he  person  also 
influence  the  result.  Since  practically  all  the 


information  ’**-  have  on  the  effects  of  radiation 
on  humans  is  from  the  Japanese  bombings,  the 
influence  of  other  in  juries  is  hurdle  separate 
from  radiation  injuries.  Large  numbers  of 
Japanese  were  exposed  to  doses  of  radiation 


were  complicated  by  other  injuries,  shock,  and 

lack  Of  medical  attention,  and  many  of  the  d  eiitli  a 
were  probably  clue  to  a  combination  of  injuries. 

By  combining  the  Information  available  from  the 
Japanese  bombings  with  information  gathered  or 
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Time  after 
exposure 


Acjute  doses  received  over  a  large  area  ot  body 


500-600  r 


First  week 


Nausea  «iiid  vomiting 
on  first  day. 


Nausea  and  vomro:.g  Nausea  and  vomiting 
on  first  day,  on  first  day; 

Otherwise,  no  diarrhea,  vomits 

definite  Symptoms.  mg* 


Second  week 


No  del  i n  1 t< f  £  yrz  pt  □  n-  *  . 


Later  effects 


Loss  of  hair,  loss  of 

appetite  ,  general 
sick  feel  in  u,  sore 

throat,  pallor,  skin 

hem  or  t hage ,  diarrhea , 
moderate  weight  loss, 
ultimate  recovery 

likely  hi  absence  Q£ 

com  plications.  Mor¬ 
tality  rate  of  3  percent 
at  200  r. 


F  u  ve  1; ,  U\ flam  mat!  Or 

of  mouth  and  throats 

pallor  r  skin 
hemorrhage, 
diarrhea,  nose 
ble  ed ,  rapid  w  e  i  ghi 
loss,  mortality 
rate  of  50  percent 
at  450  r. 


Loss  of  hair,  loss  of 

appetitie,  gen¬ 
eral  sick  feeling* 


Inilammation  of 
mouth  and  throat* 
fever,  rapid 
weight  loss, 
mortality  rate 
about  90  percent* 


accidentally  exposed  persons  and  studies  of 
animals  exposed  ar  tr-si  5itesT  tables  have  been 
compiled  to  show  the  effects  jf  .icute  radiation 
of  different  amounts. 

ACUTE  RADIATION  INJURY*  Table  14-3 

shows  expected  effects  of  acute  whole-body 

radiation  doses*  Notice  that  the  table  begins 
with  150  roentgen#;  no  noticeable  effects  are 
expected  below  that  amount*  Changes:  may 
nevertheless  be  occurring  in  the  blood.  Perhaps 
the  most  striking  and  characteristic  biological 
consequence  of  exposure  to  whole -bony  nuclear 
radiation  are  the  changes  in  the  blood  and  the 
biood-fbrmine  organs,  The  effects  may  not  be 


of  acute  radiation  will  die 


if.  is  believed  that 


blood- forming  organs*  The  effects  may  not  be 
seen  at  once,  but  the  loss  of  the  ability  to  flight 
infections  may  result  in  death,  For  these  who 
survive,  recovery  may  take  months  or  even 
years.  Careful  durtiitft  of  the  course  of  blood 

changes  in  Japanese  victims  and  those  in  the 
Marshall  Islands  has  furnished  reliable  *L  ta  or. 
these  phases  of  radiation  exposure* 

It  hns  been  estimated  that  approximately  50 
percent  of  the  persons  subjected  to 450  roe  tug  ■  •  n& 


prompt  medical  treatment  care)  would  reduce 
-.hi*  percentage.  Everyone  receiving  1000  r*  or 
more  would  die  Within  two  or  three  weeks,  if  not 

sooner,  in  spite  0 i  the  best  medical  care* 

A  farther  matter  of  note  is  that  the  sooner 
the  symptoms  f  radiation  sickness  appear  after 

exposure,  The  more  serious  the  consequence  will 

be,  Additionally  #  there  is  a  latent  period  between 
the  first  symptoms  of  radiation  exposure  and 
a  further  condition  of  sickness* 

The  clinical  effects  of  radiation  listed  in  the 
tabic  are  those  noted  in  the  Japanese  population , 
'.v I  l  e  1-  r,  pr  e  ex i  &  1 1 ; w  c 01  idi i  to tis  were  a  n  u  ti known 
facb  r  acl  little  artual  data  recording  was  done 


until  2  works  after  the  explosions 


The  rnoat 


accurate  data  ar  e  from  the  cases  of  radiation 
exposure  in  the  Marshall  Islands  test,  but 
2Cv  r*  was  the  limit  for  the  exposure  there. 
LATE  EFFECTS  OF  RADIATION.  — If  a  per- 

soj  survives  the  acute  effects  ni radiation, later 


effects  may  show  up  years  later. 


These 


effects,  like  the  acute-  once,  are  ratified  by 


Table  14-3*  —General  Nature  of  Radiation  Sickness.  (Acute  exposure) 
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changes  in  the  cells  an d  tissues  arising  from 
the  exposure.  The  replacing  cells  may  not  be 
quit#  normal . 

One  of  the  effects  mentioned  previously  is 
that  of  cataracts.  These  are  attributed  to  the 

initial  nuclear  radiation  at  ihf  time  of  the  ex¬ 
plosion*  chiefly  by  fa  si  neutrons,  which  cause 
lens  opacities  snore  frequently  than  gamma 


radiation. 

It  is  still  too  early  to  make  a  definite  state¬ 
ment  about  the  effect  ol  radiation  on  the  life 

span.  At  present  there  is  no  definite-  proof  that 
whole-body  radiation  exposure  hastens  aging. 
An  increase  in  ihe  incidence  of  leukemia 

cases  was  shown  among  the  inhabitants  ":f 
Hiroshima  and  Nagasaki  but  the  total  number 
of  cases  definitely  associated  with  radiation  ex¬ 
posure  is  not  large  and  there  is  still  some 
uncertainty  about  interpretation  of  the  statistics. 

A  twofold  to  fourfold  Increase  in  neoplastic 
disease  (abnormal  marked  growths,  i.e,,  rumors, 
cancers)  was  Found  in  thr  Hiroshima  population 
but  a  similar  study  o£  Nagasaki  showed  no  such 
relationship,  Studies  are  being:  continued  on  the 
relationship  of  cancer  incidence  to  radiation 

exposure. 

One  of  the  most  publicized  results  o£  radia¬ 
tion  is  that  of  sterility.  Studv  of  the  .Japanese 


cities 


that  the  sterility  is  temporary 


To  produce  permanent  sterility,  a  large  radia¬ 
tion  dose  is  required,  which  is  likely  to  be 

fatal.  Among  pregnant  women  exposed,  there 
was  a  marked  Increase  in  stillbirths  and  death 

of  newborn  infants,  The  surviving  children 

showed  a  greater  frequency  of  mental  retarda¬ 
tion.  Children  conceived  after  the  nuclear 
exposures  did  not  show  an  increase  in  abnorm¬ 
alities.  Thus,  the  fear  ol  effects  on  future 
generations  has  not  been  substantiated,  although 
experiments  with  fruit  flies  and  animals  showed 

increased  mutations, 

INJURY  FROM  FALLOUT  AND  RESIDUAL 

RADIATION.— A  few  radiation  phenomena,  such 

as  genetic  effects,  apparently  depend  primarily 
upon  the  total  dose  received  and  to  a  lesser 


extent  or.  die  rate  of  delivery 


The  injury 


caused  to  the  germ  cell®  under  certain  condi¬ 
tions  appears  to  be  cumulative.  In  the  majority 
of  instances  however,  the  biological  effect  of  s 

given  total  dose  of  radiation  decreases  as  tin- 
rate  of  exposure  decreases* 


The  effects  if  residual  radiation  are 


the 


same  as  for  initial  radiation,  but  not  with  such 
dramatic  onset.  The  symptoms  develop  grad¬ 
ually  a s  the  radiation  dose  accumulates*  The 


blood  changes  and  damage  to  the  blood-forming 
cells  it'  the  marrow  of  the  bones  proceed  unseen 

and  mav  be  advanced  before  detected. 

The  hazards  of  fallout  are  external  and 
internal.  The  contaminated  particle*  of  the 

early  fallout  cause  "beta  burns”  if  they  contact 
bare  skin  nr  skin  protected  by  light  clothing. 
Where  fa t l out  is  k  ea  v  v ,  the  whole  body  maybe 
exposed  to  beta  particles*  Thu  effects  were 

studies  in  the  Marshall  Island  te$"  explosion* 
The  natives  did  not  realize  the  significance  of 
the  ash -UV.e  dust  falling  on  them  about  5  hours 
after  the  detonation.  The  itching  anti  burning 
sensation  experienced  at  the  time  subsided  and 


disappeared,  but  2  or 


weeks  Lit  vr,  skin 


lesions,  dark  colored  patches,  and  epilation 
began  to  appear  among  the  exposed  population. 
Discoloration  of  r.  ills  was  attributed  to  gamma 
radiation.  The  skm  lesions  healed  and  the  hair 
rc-grew  ill  a  matter  of  6  months,  but  the 
studies  of  platelets  and  red  bloon  cells  showed 
they  continued  to  be  lower  than  normal  5  and  ? 


they  continued  tg  oe  1  owe i 

years  after  the  exj  sure. 


Tin*  indicates  that 


repair  Of  the  bone  marrow  injury  was  not 
complete* 

Internal  hazard  from  fallout  occurs  wheel 

radioactive  particles  are  consumed  with  food 
and  water,  or  are  inhaled.  The  nose  is  a  good 
filter,  so  there  is  not  so  much  danger  from 

Inhalation  of  earl-,  fallout,  most  of  which  is  too 
coarse  for  inhalation.  It  is  also  possible  for 
radioactive  material  to  get  Inside  the  body 
through  cuts  or  other  wounds  in  which  the 
skin  is  broken.  Alph:=  particles  cannot  pene¬ 
trate  unbroken  skin*) 

Even  a  very  small  quantity  of  radioactive 

mater  Lai  in  the  body  can  do  considerable 

damige,  and  the  injury  is  continuous  as  long 
as  the  material  is  in  the  body.  The  organ  most 
affected  is  determined  by  the  type  of  radioactive 


m  a  t  e  r  i  a ) , 


e, 


for 


tends  tii  i.-on- 

Thti  Fission 


cent  rate  in  the  thyroid  gland*  The  fission 

products  strontium  and  barium  arc  deposited  in 

the  calcifying  tissue  of  bone.  Cerium  and 
plutonium  also  are  "bone  seekers.”  They  arc 


potentially  very  hazardous  because  they  injure 
the  sensitive  bone  marrow  where  many  blood 


cells  are  produced 


The  damage  to  the  blood- 


forming  tissue  thus  results  in  a  reduction  in 


the  number 


of 


blood  colls  and  so  affects  the 


whole  body  adversely. 


The  damage  may  not 


become  apparent  fur  some  time.  The  primary 
hazard  of  inhaled  plutonium  Ls  in  the  lungs 
and  bronchial  lymph  nodes.  Uranium  causes 
damage  to  the  kidneys  but  only  ns  a  heavy 


3  ^ 
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metal  p ui son  [similar  to  3sar!  poisoning),  not 
because  of  its  radioactivity. 

‘W 

The  short-term  hazard  of  early  fallout  in¬ 
gested  by  the  natives  of  the  Marshall  Islands 
was  small.  The  long-term  hazard  of  delayed 
fn. II 'Lv.it  is  another  matter.  The  Boost  important 

radioactive  isotopes  are  probably  cesium- 137 
and  strontium- 9 0,  As  explained  earlier,  the 
delayed  fallout  can  spread  to  remote  parts  :-i 
the  globe  ind  can  contaminate  water,  milk,  and 
food..  Cesium- 137  has  a  radioactive  half-life 


of  30*5  years  and  emits  gamma  rays  as  it 

decays.  Strontium- 90  has  a  radioactive  hah  - 


life  of  27.7  years  and  emits  only  beta  particles 
of  fairly  low  energy,  but  once  it  gets  into  the 
skeleton  it  stays  there  a  long  time,  Experi¬ 


ments  with  animals  indicate 


the  effects 


may 


anemia ,  bone  necrosis,  cancer,  and 


possibly  leukemia. 

As  a  result  of  the  nuclear  test  explosions 
in  various  countries,  there  has  been  an  increase 
in  the  strontium- 90  content  of  the  soil,  plants, 


and  the  bones  of  animals  and  man.  This  in¬ 
crease  is  worldwide  and  is  not  restricted  to 

the  areas  in  the  vicinity  of  the  test  sites, 
although  naturally  it  is  higher  there. 

The  amount  of  carbon-14  in  the  troposphere 
has  been  increased  by  about  30  percent  through 

weapons  testing.  It  will  be  a  source  of  radia¬ 
tion  for  many  generations,  as  its  half-life  is 


5t7G0  years. 


ATOMIC  WART  ABE  DEFENSE 
GENERAL 

The  effects  of  nuclear  weapons  have  been 

given  with  considerable  detail  derived  from 
experience  with  nuclear  detonations.  But  in 
planning  protection  from  the  consequences  >f 

a  nuclear  explosion,  many  uno c:*t;.. ir.tics  i  re 

encountered,  It  Is  impossible  to  know  in  ad¬ 
vance  where  or  when  a  weapon  will  be  detonated, 
o  r  whn  t  type  it  will  be,  or  its  size.  N  s  rtb  slas=, 
there  arc  some  basic  principles  which,  if  ap¬ 
plied,  can  give  a  measure  of  protection  to  a 
large  proportion  of  the  population. 

Foresightedness  and  an  understanding  of  the 

effects  of  nuclear  weapons  will  have  great 

bearing  on  survival  in  event  of  nuclear  v a: "fart. 
In  general,  there  are  two  broad  categories  of 

protection  that  car.  be-  used  to  avoid  The  stunning 
effects  of  nuclear  weapons.  They  arc  DISTANCE 
and  SHIELDING,  In  other  words,  it  Is  necessary 


to  get  beyond  the  reach  o:  the  effects,  or  to 
provide  protection  at  a i li$l  them  within,  their 
radii  of  damage* 


SHIPBOARD  PROTECTIVE  MEASURES 


The  naval  forces  afloat  have  a  distinct 
advantage  in  that  they  are  readily  dispersible. 

In  addition  to  this,  the  ships  of  the  Navy  are 

they  are  comparatively  re- 

shock)  and  the 


so  designed 
s:stant  to  the 


thermal  effects  of  nuclear  weapons.  Too,  the 
features  built  into  Navy  ships  for  protection 
against  gas  attack  provide  some  measure  of 
protection  against  radiation  hazards. 


Both  loop-  and  short- ring:  e  preparation  go 


into  proper  readiness  nf 

specifications  arc  set  for 


Strict 


designers  and 


builders  in  order  that  the  ships  are  as  resis¬ 
tant  as  feasible  to  the  effects  of  nuclear  weap¬ 
ons.  Command  action  is  taken  to  keep  fire  and 
missile  hazards  minimised.  Tactics  include 
such  things  greater  than  normal  dispersal, 
the  placing  of  all  possible  personnel  under 

the  highest  state  of  ma¬ 


c  over , 

terial  readiness,  and  the  activation  of  WATER 
WASHDOWN  systems* 

After  a  nuclear  explosion*  the  primary 
p  r obi em  is  t o  k cep  ■  i nd /or  r vt u rn  th e  pa  rt  icu- 

to  a  maximum  state  of  readiness  by 


lar 

preventing  hie  avalanching  casualties  resulting 
front  secondary  effects,  by  restoring  normal 

services  or  rigging  alternate  for  emergency) 

■■■  d| 

,  attending  to  the  wounded,  conducting 
radiological  surveys  and  decontaminating  or 
localising  as  applicable,  and  by  assessing  the 
e :ft ent  and  nature  of  damage  and  restoring  the 

unit  as  nearly  as  possible  to  its  original 


condition* 

Tactics  included  after  a  nuclear  explosion 
would  include  maneuvering  to  avoid,  or  to  mini¬ 
mize  the  transit  time  through,  any  base  surge, 

fallout  areas,  or  radioactive  waters. 

Providing  the  maximum  protection  for  the 
men  will  often  reduce  the  ship's  immediate 

op o r a t i r> tva.1  capability  (offensive  and  defensive). 

It  may  become  necessary  for  the  commanding 
officer  to  sacrifice  personnel  safety  to  preserve 
ship  operational  capability.  In  making  his 
decision  the  CO  must  consider  many  factors, 
some  lj f  which  are:  the  mission  of  the  ship, 

the  estimated  extent  and  duration  of  the  haz- 

■ 

ardous  environments,  exposure  rraidance  [how 

long  a  man  may  be  permitted  to  remain  at  a 

station  in  the  contaminated  area  J,  rotation  of 
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personnel,  means  of  ieeonta niinat ion  available, 
and  protection  available*  A  ship  with  a  wash- 
down  system  ran  pr event  heavy  contamination 

Of  the  ship  surfaces  If  the  system  is  placed  in 

op er at i on  before  the  nuclear  explosion,  but  even 
if  that  was  no:  possible,  the  washdown  system 
will  reduce  topside  contamination  so  decon¬ 
tamination  teams  can  get  to  work  sooner  and 
men  can  be  detailed  to  their  stations  for  sh or- 

times,  determined  ljj  the  amount  of  radioactivity 

present.  The  CO  must  know  the  actual  or 
potent  hi  1  exposure  hazards  and  the  counter¬ 
measure  rap  abilities  of  hLS  ship  in  order  to 
judge  whether  io  continue,  modify.  Or  abort 
the  action  and/or  mission.  Tf  he  has  a  good 
disaster  control  plan  and  has  the  men  trained 

in  their  individual  and  team  duties,  the  chances 
of  survival  and  successful  mission  are  im¬ 
measurably  increased.  Not  only  the  CO,  but 

every  officer  on  hoard  ship  and  every  petty 
officer  and  enlisted  man  has  specific  respon¬ 
sibilities  and  duties  to  perform  before,  during, 

and  after  a  nuclear  explosion, 

SHORE  BASE  PROTECTION 

Ashore,  the  military  must  also  plan  to 
disperse  and/or  provide  suitable  protection  for 
personnel  and  mate  rial*  The  civil  defense 

authorities  should  plan  accordingly  for  the 
civilian  population.  Much  can  be  done  towards 
reducing  blast  and  fire  hazards  in  existing 

structures.  Shelters  and  shelter  areas  can 
be  provided.  Disk  si  or  teams  can  be  organized 

and  trained  to  keep  losses  to  a  minimum. 

Standards  for  shelter  construct  ten  have  been 
prepared  by  engineers  with  information  from 

test  buildings  it  test  site#  and  from  the  results 

found  in  the  Jspane.se  bombings*  Designs 

have  been  prepared  for  both  public  and  private 
shelters  for  various  situations.  The  building 
and  stocking  of  shelters  has  been  sporadic 

chiefly  because  people  believe  that  nothing 

can  save  you  In  a  nuclear  attack.  It  is  true 
that  there  is  little  chance  of  survival  in  the 
zone  of  heavy  damage  around  ground  aero, 
but  the  chances  improve  with  distance.  Just 
One  quotation  oi  statistics  from  the  Japanese 
results  should  be  convincing.  At  Hiroshima, 
of  approximately  2000  school  students  who  were 

in  the  open,  and  unshielded  within  a  mile  of 
ground  aero,  about  QO  percent  were  dead  >r 
missing  after  the  explosion*  In  the  same  zone 
were  nearly  5000  students  who  were  shielded 
in  one  way  or  another;  only  26  percent  of  them 
were  fatalities. 


The  area  over  which  protection  could  he 

effective  in  saving  lives  is  roughly  eight  to  ten 
times  as  large  as  that  in  which  the  chances 

of  survival  are  small.  It  is  In  this  possibly 

large  area  that  preplanning  of  protective  meas¬ 
ures  is  of  the  utmost  importance. 

PR  o TEC  TI VE  ME  ASUR  E S- 1 NDI VTDUAL 
AC  TION 


For  an  individual,  in  the  event  of  a  surprise 

attack,  proper  md  Immediate  action  can  mean 

the  difference  between  life  and  death. 

From  experience  sained  in  both  nuclear  and 
conventional  explosions,  there  is  little  doubt 


that  as  a  general  rule 
the  open  than  inside  a 

cencvj  therefore,  the 

should  be  taken. 


it.  is  more  hazardous  LI. 
structure*  In  an  emer- 
bc£t  available  shelter 


Aboard  ship,  TAKE  COVER 


be  di¬ 


rected  at  the  appropriate  time  for  tlio^e  in  ex¬ 
posed  stations*  Once  properly  shielded,  and 
other  operations  permitting,  personnel  should 
take  a  position  with  knees  flexed,  and,  with  a 
firm  grip  on  a  substantial  piece  of  the  ship's 

structure.  This  position  should  be  held  until 

passage  of  the  blast  and/or  the  shock  wave. 

Ashore,  civil  defense  authorities  for  mili¬ 
tary,  where  they  have  jurisdiction)  should  have 

designated  ah  cite--  areas  and/or  shelters. 
Subways  would  provide  a  good  emergency  shel¬ 


ter;  however,  these  are  found  in  only  a  limited 


number  of  cities.  As  an  alternative,  the  base¬ 
ment  of  a  building  should  be  chosen*  In  this 
connection,  a  fire-re  si  slant,  reinforced- 
concrete  or  steel  frame-  structure  is  to  he  pre¬ 
ferred,  Since  there  is  less  likelihood  of  a  large 

debris  load  on  the-  floor  above  the  basement. 

Even  basements  of  good  buildings  are  not,  how¬ 
ever,  an  attenuate  substitute  for  a  well  designed 


shelter. 

Should  there  not  be  any  opportunity  to  take 
the  beat  shelter,  alternate  Immediate  action 
will  be  necessary.  The  first  indication  of  an 
unexpected  nuclear  explosion  other  rhan  a  sub¬ 
surface  explosion)  would  be  a  sudden  Increase 
in  the  genera]  illumination.  It  would  be  im¬ 
perative  tq  avoid  the  instinctive  tendency  to 
look  at  the  source  oi  light,  but  rattier  to  do 
everything  possible  to  cover  all  exposed  por¬ 
tions  of  the  body  (another  reason  for  proper 
and  suitable  battle  dress},  A  person  inside  a 

building  should  immediately  fall  prone  and 

crawl  behind  it  tabh  or  desk*  This  wilt  provide 


PRINCIPLES  OF  GUIDED  MISSILES  AND  NUCLEAR  WEAPONS 


a  partial  shield  against  splintered  glass  and 
other  flying  missiles.  No  attempt  should  be 
made  to  get  up  until  the  blast  wave  has  passed, 

as  indicated  by  the  breaking  of  glass,  cracking 
or  plaster,  and  other  signs  of  destruction.  The 
sound  of  the  explosion  also  signifies  the  arrival 
of  the  blast  wave* 

A  person  caught  in  the  open  by  the  sudden 
brightness  due  to  a  nuclear  explosion,  should 
drop  to  the  ground,  while  curling  up  to  shade 
the  arms,  hands,  neck,  and  face  with  the 

clothed  body.  Although  this  action  will  have 

little  effect  against  the  initial  nuclear  radia¬ 
tion,  It  may  help  in  reducing  flash  burns  due 
to  the  thermal  radiation.  Of  course,  the  degree 
of  protection  from  thermal  effects  will  vary 
with  the  energy  yield  of  the  explosion.  For  as 
you  will  recall,  low  yield  weapons  expel  all 
their  thermal  radiation,  in  a  short  interval  of 
time,  while  the  higher  the  yield,  the  longer  the 
thermal  pul  a  os  of  energy  will  last.  Neverthe¬ 
less,  there  is  nothing  to  be  lost,  and  perhaps 
much  to  gain  through  such  action.  The  curled- 

up  position  should  be  held  until  after  the  blast 

wave  has  passed* 


Since  eye  injuries  and  skin  burns  from 

thermal  radiation  can  occur  at  great  distances 
from  the  explosion,  this  type  of  evasive  action 
can  be  helpful  over  large  areas,  Ordinary 
Sunglasses  provide  little  or  no  protection  of 
the  eyes  against  damage  by  thermal  radiation,, 
The  blink  reflex  is  of  doubtful  help  if  the  person 


is  facing  the  blast  point,  especially  if  the 
thermal  energy  is  released  in  one  burst,  as 


from  lower  energy  weapons  ir  those  burst  at 


high  altitudes  (above  20  miles).  Fortunately, 


m .-j s t  flash  blindness  is  temporary* 


If  a  shelter  of  some  kind,  no  matter  how 
minor,  e.g*  in  a  doorway,  behind  a  tree,  or  in 
a  ditch  or  trench,  can  be  reached  within  a 
second,  it  may  be  possible  to  avoid  a  significant 

part  of  the  initial  nuclear  radiation,  as  well  as 
the  thermal  radiation.  But  shielding  from 
nuclear  radiation  requires  considerable  thick¬ 


ness  of  material  and  this  mav  net  be  available 


in.  the  open 


By  drbpping  (he  the  ground,  some 


little  advantage  may  be  provided  by  the  around 
and  surrounding  objects* 


Putting  out  fires  when  they  are  just  starting 
may  be  done  by  individuals  in  some  instances. 
Every  effort  should  be  made  to  do  this  in  order 
to  prevent  large  fires  which  may  become 

uncontrollable. 


PROTECTION  FROM  FALLOUT 

Protection  against  the  residual  radioactivity 
present  in  LOCAL  FALLOUT  pres  eels  a  number 
ol  difficult  and  involved  problems*  This  is 
because  the  radioactive  products  are  not  nor¬ 
mally  visible  and  require  radiae  equipment  for 
detection  and  measurement,  and  because  of  the 
widespread  and  persistent  character  of  the 
fallout,  and  too,  because  fallout  prediction  is 
a  function  of  complicated  meteorological 
processes. 

Fallout  Prediction 


The  fallout  patterns  charted  after  the  various 


nuclear  tests  have  been  used  to  prepare  a 
form  to  be  used  for  predicting  the  area  of 
fallout.  It  is  called  Radiological  Fallout  Fore¬ 
casting  (RADFO)  and  is  made  available  to 
operational  commands*  Before  a  nuclear  attack, 
information  will  not  be  available  on  the  location 
of  the  burst,  type  of  burst,  or  yield  of  Hie 

weapon,  and.  after  the-  detonation  it  is  expected 
that  disruption  Of  normal  activities  will  prevent 
obtaining  much  real  information  about th e burst. 
The  command  will  have  information  on  the 
atmospheric  wind  structure,  and  with  that  in¬ 
formation,  can  plot  a  tentative  fallout  area 
with  the  aid  of  the  RADFO  overlay  (fig*  14-22), 
The  RADFG  diagram  is  usually  drawn  In  grease 
pencil  on  a  plastic  sheet  to  be  used  aa  an 
overlay  on  an  appropriate  map  or  chart.  Var¬ 
ious  essential  data  are  included  in  the  legend 
of  the  RADFQ  diagram.  The  legend  also 
indicates  the  map  scale  or  map  identification 
number  for  which  it  is  drawn,  Each  command 
requests  maps  for  its  particular  area  and 

keeus  them  on  hand.  The  red  outline  marks 
the  area  of  high  fallout  expected  from  a  low- 
yield  weapon ,  and  the  black  outline  marts  the 
high  fallout  area,  for  a  high-yield  weapon. 
The  cross-hsfehed  dot  represents  the  point  of 
detonation  surface  zero}*  With  the  dot  placed 
at  the  point  of  detonation  (expected),  the  over¬ 
lay  can  be  rotated  in  line  with  the  winds  at 
the  time,  and  it  then  outlines  the  approximate 
area  where  the  fallout  can  be  expected.  The 
ship  can  be  maneuvered  to  keep  out  of  that 
area  and  the  fallout  preparations  can  be  made 
aboard  the  ship. 

The  complete  description  and  instructions 
for  use  of  the  RADFO  diagram  are  given  in 
the  United  States  Navy  Radiol  op  Seal  Fallout 
Manual.  (lfl62J~fiPKAV  INST  P  3  44 1*3  A.  The 

actual  fallout  area  will  vary  from  the  RADFO 

plot,  but  planning  can  be  baaed  on  the  pre- 
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may  afiect  vast  areas,  and  therefore  may  affect 

large  □umbers  of  people  who  muss:  have  pro¬ 
tection  f,  r  at  least  that  period  or  time.  Anyone 
acquainted  with  The  daily  traffic  problems  ac¬ 
companying  the  routine  working  day  transporta¬ 
tion  in  any  large  metropolitan  area  must  realize 

that  attempting  to  evacuate  the  whole  population 

of  a  rbrFflFcnnd  area  Upon  short  notice  would 
result  in  a  hopeless  snarl.  The  alternative 
is  to  have  prepared  shelters,  stocked  with 
provisions,  where  large  numbers  of  people 
can  take  refuse  and  remain  perhaps  for  several 
days,  or  even  weeks. 

Where  approved  shelters  are  not  available, 

t-'.’on  the  basement  oi  a  frame  house  can  at¬ 
tenuate  nuclear  radiation  by  a  factor  of  about 
10.  Greater  r  e  duct  ion  is  po  s  s  ible  in  lar  g  e  bu  il  cl¬ 
ings  or  in  shelters  covered  with  several  feet  of 
earth.  Three  feet  of  earth  will  provide  a 
radiation  attenuation  factor  in  the  neighborhood 
of  1 000, 

Ships  will  have  to  depend  on  proper  maneu¬ 
vers,  the  GAS  TIGHT  ENVELOPE,  water  wash 
down  systems  and  decontamination  procedures 
for  protection.  Ashore,,  the  civil  defense  and/or 
military  authorities  must  make  radiological 
surveys  to  ascertain  the  extent  and  nature  of 

the  contamination.  Once  this  is  known,  it  Is 

possible  to  take  other  corrective  actions,  such 

as  orderly  evacuation  of  sheltered  survivors 

■ 

and  decontamination  of  essential  areas  or 
equipments.  Shifting  winds  and  other  unknown 
variables  complicate  any  prediction  of  safe 

evacuation  routes.  A  person  may  leave  a  com- 
para  lively  safe  location  anti  end  up  the  loser 
for  his  effort. 

Of  The  passive  protective  measures  that  can 
be  taken,  shelter  ;y  die  foremost,  Complete 

protection  for  all  people  is  hardly  feasible, 
bul  every  Navy  shore  activity  has  ureas  des¬ 
ignated  as  shelter  areas  where  people  lire  to  go 
immediately  if  a  nuclear  alarm  is  given.  Evac¬ 
uation  routes  are  planned  so  each  person  has  an 
assigned  place  ro  go  in  case  there  is  sufficient 
advance  warning  so  people  can  get  to  designated 
gathering  places.  Know  the  location  of  the 
marked  areas  so  you  can  go  to  die  assigned 

one  without  hesitation  when  so  ordered. 

Civil  Defense  authorities  have  published 
pamphlets  or,  methods  of  construction  lor  home 
Shelters,  Family  type  shelters  were  widely 
used  in  England  during  World  War  11  for 
protection  against  bombs,  and  wore  a  great 
h  elp  in  p  r  ev  pnt  tng  r  a  sua It  ies .  Si  m  ila  r  shells  t  $ , 
built  according  to  Civil  Defense  standards  to 
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Figure  14-22,— Example  oi  fallout  pint  drawn 
with  RAD  FO  overlay  upon  receipt  of  prediction 

or  warning:  message. 

liminftry  plot  and  early  action  can  be  taken 
on  that  basis.  Plans  can  be  made  to  minimise 
the  hazards  nf  fallout  radiation,  but  they  must 
be  flexible  so  they  can  be  adapted  to  the 
particular  situation  which  develops  After  the 

attack. 

Group  Protection 

Fallout  from  a  surface  burst  can  produce 
serious  contamination  far  beyond  the  range 
of  other  effect  a  such  as  blast,  shock,  thermal 
radiation,  and  initial  nuclear  radiation,  Phr 
quantity  of  contaminated  material  produced  by 
a  surface  burst  of  a  megaton  weapon  with  a 
fission  yield  is  30  la^g-  that  the  fallout  may 

continue  to  arrive  in  hazardous  concentrations 

up  to  perhaps  24  hours  after  the  burst.  It 
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i' educe  the  entrance  of  nuclear  radiation,  can 
be  of  inestimable  help  in  case  of  nuclear  attack* 

Protection  Against  Long-Range  Fallout 

The  radiation  from  long- rattle  fallout  is  too 
attenuated  to  be  harmful  as  external  radiation* 

Its  harm  domes  from  ingestion,  whether  through 

inhalation,  from  drinking  water,  or  food.  Except 
in  cases  of  extreme  over  exposure,  there  is  a 
latent  period  before  signs  ar.d  symptoms  of 

radiation  illness  appear*  Radioactive  materia: 

within  the  toodv  cannot  be  controlled  by  time, 

“  I*  ? 

distance,  or  shielding;  it  continues  to  affect 

the  cells  of  the  body  until  it  has  been  eliminated 
by  natural  processes  or  radioactive  decay. 

Risk  of  exposure  can  be  greatly  reduced  by 

good  housekeeping.  Foods  that  might  have 
received  some  of  the  radioactive  fallout  should 

be  thoroughly  washed  before  using,  Exposed 

foods  that  cannot  be  washed  should  he  disposed 

of.  Cookinc  the  foods  or  boil  ins:  the  water  does 
not  reduce  the  radioactivity.  A  number  of 
materials  have  been  tested  for  nos sibil itieg  as 

an  agent  to  remove  radioactive  materials  from 
the  system*  Various  results  have  been  re¬ 
ported*  So  Ear,  none  of  the  products  so  tested 
have  been  accepted  as  useful  for  removing 
radiation.  Also,  some  material  shave  been  Tried 

for  removal  of  radioactive  fallout  in  milk. 

This  is  another  problem  left  to  be  solved  by 
further  research. 


EMPLOYMENT  OF  NUCLEAR 

WEAPONS  EFFECT 

GENERAL 

Many  factors  enter  into  the  selection  of 
the  burst  height  (or  depth.)  and  yield  of  a  par¬ 
ticular  weapon.  Among  these  are  fuzing  lim¬ 
itations,  type  of  target,  available  delivery  sys¬ 
tems,  and  the  degree  of  damage  desired.  Since 

nuclear  missiles,  torpedoes,  and  depth  bombs 

have  become  paid  of  the  arsenal,  the  aspects 
ol  weapon  selection  have  been  multiplied. 

From  an  EFFECTS  standpoint,  ihe  basic 
criteria  which  govern  weapon  selection  are 
peak  blast  wave  overpressure,  peak  dynamic 

pressure,  duration  of  the  positive  wave  (of 
blast  wave),  crater  extent,  thermal  radiation, 
initial  nuclear  radiation,  residual  fission  product 
fallout,  and  induced  ground  contamination  .These 
criteria  apply  to  the  selection  of  a  weapon  to 


use  on  a  stationary  land  target.  For  another 
type  of  target,  a n,  atta c fci ng  aircraft,  for  example, 
entirely  different  criteria  are  necessary. 

Should  a  nuclear-  tipped  mis  sails  be  launched 

from  the  ship  or  should  an  air-to-air  missile 
be  u sed ?  P e rh ap s  c onv etitl ona  1  a nt  l a i r e ra f t  f i r e 
Will  take  care  of  the  situation.  The  officer  in 
Command  must  make  the  decision  quickly.  You 
can  readily  see  that  this  is  quite  a  different 

Situation  from,  say,  the  planned  obliteration  of 

an  enemy  naval  base* 

The  actual  mechanics  of  weapon  selection 

is  a  very  complex  operation.  This  operation 
is  the  function  of  relatively  high  echelons  of 

command.  The  student  should  be  aware  that 
mere  also  are  great  moral  and  political  issues 
involved  in  the-  use  of  nuclear  weapons.  For 
these  reasons,  the  actual  committing  of  nuclear 
weapon  $  to  use  by  oar  country  is  the  respon¬ 
sibility  of  rhe  President  of  the  United  States* 
Notwithstanding,  some  generalized  statements 
concerning  the  relative  importance  of  various 
effects  for  different  burst  conditions  is  con¬ 
sidered  essential  to  a  complete  orientation  in 
ihe  nuclear  weapons  subject  area. 

The  discussion  following  relates  to  the  use 
of  nuclear  weapons  to  achieve  certain  effects  on 
surface  targets,  either  land  or  sea*  Most  of 
"he  material  damage  caused  by  either  an  air 

burst  or  a  surface  burst  of  &  nuclear  weapon 

is  due  mainly  (directly  or  indirectly)  to  tiic 
shock  or  blast  wave  that  accompanies  the 
explosion.  Ir.  considering  the  destructive  effect 
of  a  blast  wave,  one  of  the  important  char¬ 
acteristics  is  the  overpressure,  that  is,  the 
pressure  above  the  normal  atmospheric  pres¬ 
sure.  Other  characteristics  of  the  blast  wave- 
thai  affect  the  degree  of  destruction  are  the 
dynamic  pressure,  duration,  nr.d  time  of  arrival 
of  the  blast  wave. 

SURFACE  BURST 

A  SURFACE  BURST  will  increase  the  range 

at  which  peak  overpressures  greater  than  about 

12  psi  occur,  ft  wall  reduce  thermal  radiation 
received  by  ground  targets  compared  to  that 
received  from  an  air  burst  at  the  same  slant 
range  and  it  will  produc;?  significant  cratering 

and  ground  shock.  A  peak  overpressure  of  12 

psi  will  cause  severe  damage  to  all  structures 
except  those  of  reinforced- concrete,  blast- 

resistant  construction.  It  will  also  cause  mod- 

B  • 

erate  to  severe  dan-age  to  mogl  military  eq Lup¬ 
in  exit  s  * 
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Most  naval  ships  operating  today  will  be 
immobilized  when  subjected  to  2G  psi  peak 
air  overpressure-  Five  psi  will  cause  light 

damage  to  all  naval  and  mercantile  shipping. 


Light  damage  to  naval  ships  consists  01  damage 


to  electronic)  electrical,  aid  mechanical  equips 

mem s— however,  the  ships  may  still  be  able  to 

operate  effectively. 

The  surface  burst  will  overdestroy  some 
area*  It  is  therefore  not  as  economical  (in  Its 

damage  capabilities)  as  an  air  burst*  Conceiv¬ 
ably  therefore,  the  surface  burst  would  be 
used  against  resistant  targets  or  where  as¬ 
sured  destruction  is  desirable. 

For  weaker  targets,  which  are  destroyed  or 


burst  i s in  c  r  ea sed .  C rat erlng p  g round  (e> r  water ) 

shock,  and  fallout  contamination  will  incrc-aae 
with  the  depth  of  burst  up  to  a  maximum  (the 
optimum  depth  depends  on  the  effect  being  con¬ 
sidered)  and  then  decrease.  Maximum  water 
waves  will  be  produced  at  a  certain  critical 
depth  of  burst. 


SCALING  LAWS 


damaged  at 


low  overpressures  or 


dynamic  pressures,  the  height  of  burst  maybe 

raised  to  increase  the  damage  area,  since  the 


The  atomic  bombs  dropped  on  Japan  are 
referred  to  as  20- KT  bombs  or  nominal  yield 
weapons.  The  effects  of  those  bombs  have  been 

studied  and  analyzed  in  all  their 
including  their  blast,  thermal f  and  radiation 
effects.  Since  that  time,  tests  of  nuclear  weapons 
Of  different  sizes  and  types  in  various  envi- 


required  pressures  will  extend  to  a  larger  range  Ponments  have  furnished  much  other  data  on 

the  effects  of  nuclear  weapons.  From  studies  of 


than  for  a  low  air  or  surface  burst. 

While  the  terrain  has  saint  effect  on  the 
blast  wave,  it  is  difficult  to  predict  the  effect 

On  the  damage  resulting*  The  face  that  the 
point  of  explosion  cannot  be  seen  from  behind 
a  hill  does  not  mean  that  the  blast  effects  will 

not  be  felt.  Blast  waves  can  easily  bend  around 

obstructions,  and  multiple  reflections  between 


buildings  and  streets  might  increase 
pressure  and  dynamic  pressure. 


qvpr- 


The  LOCAL  FALLOUT  associated  with  a 


surface  bur  si  is  s  very 
nuclear  weapons  selection. 


factor  in 


ihese  effects,  scaling  laws  have  been  formulated* 
The  effects  of  detonations  of  weapons  other  than 

the  nominal  20-KT  bomb  can  be  calculated  by 
means  of  these  simple  scaling  laws. 

Although  the  laws  are  only  of  an  approximate 
nature,  they  do  provide  a  rough  means  of 
comparing  the  effects  of  different  energy  re¬ 
leases.  Scaling  laws  are  applied  to  each  Of  the 
effects  of  nuclear  detonations— blast,  thermal, 

and  radiation  effect®* 

In  the  case  of  blast  effects,  the  scaling 

law  states  that  the  distance  from  an  explosion 
a l  which  any  specified  overpressure  is  reached 
is  proportional  to  the  cube  root  of  the  energy 
released.  For  a  2G-KT  burst,  the  limit  of 

severe  damage  occurs  in  the  region  of  7-psi 
overpressure,  about  1  mile  from  ground  zero. 
Computing  with  the  scaling:  formula,  an  over-* 

pressure  zone  of  7  psi  would  be  1*3  mile®  from 
ground  zero  ’with  a  40- KT  bomb.  Note  that 

the  damage  limit  is  not  twice  as  great  as  for 
nation.  Windowpane  breakage  is  associated  with  a  2Q-KT  bomb.  To  double  the  limit  of  severe 


AIR  BURST 


An  AIR  BURST  will  increase 


the  ground 


range  at  which  overpressures  of  about  10  psi 
or  leas  art  Obtained;  maximize  areas  at  which 
significant  thermal  radiation  is  received  on  the 
ground;  and  eliminate  local  fallout  eonta mi- 


0,5  psi  overpressure,  while  severe  damage 
to  wood  frame  houses  occurs  with  3  psi, 

and  to  re  in  forced -concrete  buildings  with  ap¬ 
proximately  JO  psi. 


damage,  the  amount  of  explosive1  would  have  to 


be  increased  B  times* 

With  regard  to  overall  damage  and  cas¬ 
ualties,  the  area  affected  by  the  burst  is 

The  area  of  the  burst  is  propor¬ 
tional  to  ihe  square  of  the  radius;  therefore 

the  effective  area  of  blast  damage  is  pro¬ 
portional  to  two- thirds  of  the  energy  release. 
With  a  SUBSURFACE  BURST,  peak  air  jj  effective  area  for  a  20-KT  bomb  is  4 


SUBSURFACE  BURST 


overpressure,  thermal  radiation,  and  initial 

nuclear  radiation  decrease  as  the  depth  of  the 


square  miles  it  is  6*4  square  mil? 9  fora  40- KT 
bomb. 
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The  amount  of  thermal  en^r^y  reaching  a 
point  at  a  given  distance  from  the  explosion 
Will  bo  directly  proportional  to  the-  total  energy 

release  of  the  bomb*  If  the  thermal  energy 
from  a  20-  KT  bomb  15  4  1,  2  calories  per  square 
Centimeter  at  3,000  yards  from  ground  zero, 
from  a  40- KT  bomb  it  would  be  3  calories  per 

square  centimeter*  'T'he  same  proportional  in- 

crea.se  holds  true  for  the  immediate  nuclear 

radiation.  However,  this  proportion  is  reason¬ 
ably  accurate  only  up  to  40- KT  bombs*  For 
higher  energy  releases,  the  proportion  of  initial 

nuclear  radiation  to  the  energy  of  the  bomb  be¬ 
comes  greater  and  greater  a&  the  yield  of  the 


weapon  increases*  For  example,  a  1 00- KT  bomb 
will  produce  120  times  the  nuclear  radiation  that 
a  1-KT  bomb  will  produce;  a  500 -KT  bomb  will 
produce  1,000-KT  (1  .VI T)  weapon  will  produce 
L000  times  the  amount  of  nuclear  radiation;  and 
a  1,000-KT  flMT )  weapon  will  produce  2,100 
times  as  much* 

The  altitude  of  the  burst  affects  the  results, 
and  the  factor  of  height  mus:  be  included  to 

modify  the  calculations  with  the  scaling  laws. 

Curves  have  been  drawn  to  represent  many 

conditions  of  burst.  Figure  14-23  accumulates 

certain  cardinal  damage  criteria  for  air  burst 
explosions. 
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APPENDIX  A 


TABLE  OF  ATOMIC  WEIGHTS  AND  BIBLIOGRAPHY 


(The  atomic  weight  column  represents 


muss  of  the  most  stable  isotope  of  the  clement 


All  oi  the  known  elements  are  included-  Oxygen  16  is  used  as  the  basic  element, ) 


TABLE  OF  ATOMIC  WEIGHTS 


2 

ELEMENT 

A 

MASS 

Z 

ELEMENT 

A 

MASS 

0 

o/e/o 

0 

0.00055 

35 

Br 

SO 

79.94401 

0 

o/n/l 

1 

1.00699 

36 

Kr 

84 

83.93806 

1 

i/p/i 

1 

1. 00759 

37 

Rb 

86 

85.93852 

1 

H 

1 

1,00614 

33 

Sr 

88 

87.93375 

2 

2 /a/4 

4 

4,00277 

39 

Y 

89 

88.93408 

1 

He 

4 

4,00387 

40 

Zr 

92 

91. 93362 

3 

Li 

6 

6,01703 

41 

Nb 

93 

92.93526 

4 

Be 

9,01505 

42 

Mo 

96 

95.93490 

5 

B 

10 

10.01612 

43 

Tq 

99 

96.93951 

C 

12 

12.00380 

44 

Hu 

102 

101.96341 

7 

N 

14 

14,  00752 

45 

Rh 

103 

102.93790 

8 

O 

16 

16.00000 

46 

Pd 

107 

106.93895 

9 

F 

19 

19*00445 

47 

AS 

108 

107,93395 

10 

Ne 

20 

20,00050 

48 

Cd 

US 

112.94028 

11 

Na 

23 

22.99705 

49 

In 

115 

114. 94050 

12 

Mg 

25 

24.99375 

50 

5n 

119 

118,94100 

13 

A1 

27 

26.99008 

51 

Sb 

122 

121.94368 

14 

Si 

29 

28,98566 

52 

Te 

123 

127.94610 

15 

P 

31 

30.98355 

53 

l 

129 

128.94575 

16 

s 

33 

32. 98169 

54 

Xe 

132 

131,94600 

17 

€1 

36 

35.  97969 

55 

Cs 

133 

132.94720 

ia 

Ar 

40 

39.97505 

56 

Ba 

138 

137.94310 

19 

K 

40 

39,97665 

57 

La 

139 

138-94950 

20 

Ca. 

41 

40.97523 

56 

C& 

141 

140.95172 

21 

Sc 

45 

44,97007 

59 

Pi- 

141 

140,95110 

22 

Ti 

48 

47.96312 

60 

Nd 

144 

143.95493 

23 

V 

51 

50.96004 

61 

Pm 

146 

145.95895 

24 

Cr 

53 

52.95746 

62 

Sen 

150 

149,96340 

Mn 

55 

54.95540 

63 

Eu 

152 

152.00000 

26 

Fe 

56 

55.95264 

64 

Gd 

156 

159.97342 

27 

Co 

59 

58,95194 

65 

Tb 

160 

150,97775 

26 

Ni 

60 

59,94964 

66 

Dv 

163 

162.50000 

29 

Cti 

64 

63.99934 

67 

HO 

165 

164.98110 

30 

Zn 

66 

65.94694 

68 

Er 

168 

187.98302 

31 

Ga 

70 

69.94614 

69 

Tm 

169 

168.94000 

32 

Ge 

73 

72.94645 

70 

Yb 

174 

173.90075 

33 

As 

75 

74.95440 

71 

Lu 

175 

174.99737 

34 

Se 

79 

76.94358 

72 

Hf 

179 

178, 50000 
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z 

ELEMENT 

A 

MASS 

Z 

ELEMENT 

A 

MASS 

73 

Ta 

130 

180.00220 

83 

Ra 

226 

226.09600 

74 

W 

103 

183,00530 

89 

Ac 

227 

227,09838 

75 

Re 

186 

186. 01070 

90 

Th 

232 

232. 11080 

76 

Os 

ISO 

190,01740 

91 

Pa 

232 

232. 11118 

77 

It 

192 

192. 02470 

92 

U 

238 

233. 12522 

78 

PI 

195 

195,02640 

93 

Np 

237 

237. 12220 

79 

Au 

197 

197.02748 

94 

PU 

244 

244, 14065 

60 

Hg 

200 

200,03191 

95 

Am 

243 

243.13748 

ai 

T1 

204 

204.03788 

96 

Cm 

245 

245. 14209 

83 

Fs 

207 

207.04053 

97 

Bk 

249 

249. 15252 

83 

Bi 

209 

209.04579 

93 

Cf 

249 

249.15252 

94 

Po 

210 

210.04350 

99 

E 

244 

244,14780 

85 

At 

212 

212.05693 

100 

Fm 

252 

252, 16163 

86 

Rn 

222 

222.08690 

101 

Md 

258 

256. 17383 

87 

Fr 

223 

223, 08960 

102 

No 

263 

263.00000 
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GLOSSARY 


I  NT  ttODUCTIGN 


This  glossary  its  intended  as  a  convenience 
lor  the  -student.  It  explains  briefly  those  tech¬ 
nical  terms  used  in  this  textbook  wi:h  which 
the  student  should  be  acquainted  in  order  to 
comprehend  rhe  subject  matter,  The  expla¬ 
nations  are  not  exhaustive.  They  take  up  only 
those  senses  or  applications  of  each  term  that 
the  text  is  actually  concerned  With,  and  do  not 
attempt  general  expositions  of  them*  For  more 
information  on  any  item  in  the  glossary,  the 
student  should  consult  the  index  to  locate 
further  discussion  Ln  ihe  text  of  this  b :>ok. 
For  more  general  and  complete  information, 
the  student  should  consult  a  good  technical 
dictionary  or  encyclopedia,  an  engineering  hand¬ 
book,  or  an  engineering  or  physics  text. 

A  C  C  E LERQMET  EH,  —An  lust  rum  tnt  1 1 s  a  E 


iiie^ssuros  One  or  more  component s  of  the-  ac¬ 
celerations  of  a  vehicle. 

ACQUISITION,— The  process  of  acquirings 

target  by  radar;  the  Initial  contact  with  a 
selected  or  desired  target  prior  to  lock- on. 

ACTIVE  MATERIAL.- Fissionable  material, 
such  as  plutonium  ( Pu-^  >,  ur  anium  (lj23S  ,  ir  the 

thorium- derived  uranium  isotope,  which 

is  capable  of  supporting  a  fission  chain  reaction. 
In  the  military  field  of  atomic  energy,  the  term 
refers  to  the  nuclear  components  of  atomic 
weapons  exclusive  of  the  natural  uranium 


parts. 

AERODYNAMICS,— The  science  that  cicala 


with  die  motion  of  air  and  other  gases  and 
with  the  forces  acting  on  bodies  moving  through 
these  gases, 

AFC,— An  abbreviation  for  automatic  fre¬ 
quency  control*  A  circuit  that  maintains  ac¬ 
curate  frequency  control* 

AFTERBURNING,— 1,  The  characteristic  of 
some  rocket  motors  to  burn  irregularly  for  s 3mc 


time  after  die  main  burning  and  thrust 
ceased,  2.  The  process  of  fuel  injection  and 


combustion  in  the-  exhaust  jot  of  a  turbojet 
engine  (aft  or  to  the  rear  of  the  turbine J. 
AGC.— An  abbreviation  for  automatic  gain 

control,  A  circuit  arrangement  that  automat¬ 
ic  ally  maintains  the  output  amplitude  (sound 
level  i]i  audio  receivers!  essentially  constant, 

■r  JF 

despite  variations  in  icpu:  signal  strength. 

AIRSPEED,  TRUE.— Calibrated  airspeed 

corrected  for  altitude  effects,  i.e.,  pressure  and 
temperature,  and  for  compressibility  effects 
where  high  speeds  are  concerned*  Not  to  be 

confused  with  ground  speed. 

AMBIENT  C  ONDI TIONS .  _  Envir  onm ental 
conditions:  may  pertain  topresurCt  temperature, 
etc. 

ANGLE,  DRIFT*— The  horizontal  angle  be¬ 
tween  the  longitudinal  axis  of  an  aircraft  or 

missile  and  its  path  relative  to  the  ground* 

ANGLE,  ELEVATION.— Angle  between  the 

horizontal  and  a  line  from  an  observer  to  an 
elevated  object. 

ANGLE,  FLIGHT  PATH  .-The  angle  between 

the  flight  path  of  an  aircraft  or  missile  and 
the  horizontal.  Sometimes  called  FLIGHT  PLAN 
SLOPE* 


ANGLE,  gliding . — The  angle  between  the 

flight  path  during  a  glide  a  aid  a  horizontal 
axis  fixed  relative  to  the  earth* 

ANGLE  OF  ATTACK. -The  angle  between  a 
reference  line  fixed  with  respect  to  an  air¬ 
frame  and  the  apparent  relative  flow  line  of 
the  air. 

ANGLE  OF  ATTACK,  ABSOLUTE* -The 
angle-  of  attack  of  an  airfoil,  measured  from 
the  attitude  of  zero  lift, 

ANGLE  OF  ATTACK,  CRITICAL.— The 
angle  of  attack  at  which  the  flow  about  the 
airfoil  changes  abruptly,  as  evidenced  by  ab¬ 
rupt  Changes  in  the  lift  and  drag. 

ANODE.— A  positive  electrode;  the  plate  of 


a  vacuum  cube. 

ANTENNA.— A  device  which  radiates  r-f 

power  into  space  in  the  format  electromagnetic 
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energy*  It  also  provides  a  means  of  reception 
of  electromagnetic  energy, 

ANTISUBMARINE  TORPEDO. -A 
submarine -launched,  long-range,  high-speed, 
wire-guided,  deep-diving,  wakel ess  torpedo  cap¬ 
able  to  carrying  a  nuclear  warhead  for  use  In 
antisubmarine  and  antlsurface  ship  operations. 

Also  known  as  Agtor. 

APOGEE,  — The  point  at  which  a  missile 
trajectory  or  a  satellite  orbit  is  farthest  from 

the  center  of  the  gravitational  field  of  the 

controlling  body  {the  earth)  or  bodies. 

ASTRONAUTICS,— The  science  of  traveling 

through  space  nr  sending  missiles  Or  guided 

vehicles  into  space, 

ATHODYD,— A  ramjet;  an  abbreviation  for 

Aero-THermODYnamiC  Duct* 

ATTITUDE*— The  position  of  an  aircraft  or 
missile  as  determined  by  the  inclination  of 
its  axes  to  some  frame  of  reference.  11  not 

otherwise  specified,  this  frame  of  reference 
is  fixed  with  respect  to  the  earth. 

AUDIO  FREQUENCY,  —  A  frequency  which 

can  be  detected  as  sound  by  the  human  ear. 
The  audio  frequency  range  is  normally  under¬ 
stood  to  extend  from  20  to  20,000  cycles 
per  second, 

AUTOSYN.— A  B end ix- Marine  trade  name 
for  a  synchro,  derived  from  tbs  words  AUTO- 
matically  SYNchronous*  See  “synchro/"  Also 
called  Sclsyn, 


AZIMUTH.— The  angular  measurement  in  a 
horizontal  plane  and  in  a  clockwise  direction 
at  a  point  Oriented  to  north* 


BAND-PASS  FILTER.— A  circuit  designed 
to  pass,  with  nearly  equal  response,  all  cur¬ 
rents  having  frequencies  within  a  definite  band, 
and  to  reduce  the  amplitudes  of  currents  of 

all  frequencies  outside  that  band* 

BANDWIDTH,— The  number  Of  cycles,  kil¬ 
ocycles,  or  megacycles  expressing  the  dif¬ 
ference  between  the  lowest  and  highest  fre¬ 
quencies  of  a  portion  of  th  e  frequency  spent  rum; 


for  example,  a  TV  or  radio  station  channel 
assignment, 

BANG -BANG  CONTROL,*^  On- off  control  in 
winch  control  surfaces  are  ordered  either 

"full- over'*  or  to  the  neutral  position.  Also 

called  flip-flop  control  and  flicker  control, 
BARQ,— A  pressure- sensitive  device  {es¬ 
sentially  a  pressure  altimeter'  used  in  some 
weapons  to  actuate  circuits.  The  term  is  a 
contract  loft  of  "barometric  switch,”  sometimes 

referred  to  as  a  "bar  os  witch."  Not  to  be 
confused  with  barometer,  an  instrument  which 


measures  atmospheric  pressure,  without  & 
switch  attachment  or  connection, 

BASELINE*— A  line  joining  a  master  and 
slave  station  in  a  Lorain  system* 

BEAT  FREQUENCY*- A  sfgnal  which  re¬ 
sults  when  two  signals  of  different  frequencies 
are  applied  to  a  nonlinear  circuit.  The  beat¬ 
ing  together  Of  the  signal  results  i:i  a  signal 

which  has  a  frequency  equal  to  the  difference 
□f  the  two  applied  frequencies, 

BETA  (>)  PARTICLE  (BETA  BAY)*- One 
of  the  particles  which  can  be  emitted  by  a 
radioactive  atomic  nucleus*  It  has  a  mass  ol 
about  1/ 1337  that  of  a  proton.  The  negatively 
charged  beta  particle  is  identical  with  the 
Ordinary  electron,  while  the  positively  charged 
type  (position) 


from  the  electron  in 
having  equal  bur  opposite  electrical  properties 

The-  emission  of  sn  electron  entails  the  change 

neutron  into  a  proton  inside  the  nucleus. 


of 

The  emission  of  a  positron  is  similarly  as¬ 
sociated  with  tbe  change  of  a  proton  to  a  neu¬ 
tron.  Beta  particles  have  no  independent  ex¬ 
istence  outside  the  nucleus,  but  are  created, 
at  the  instant  of  emission. 

BINAR  Y  N UMBER  S YSTE  M.  —  A  number  flyfl - 
t?m.  which  uses  two  symbols  (usually  0  and 

1 )  and  has  two  as  its  radix  (the  fundamental 

number),  just  as  the  decimal  system  uses  ten 
symbols  (0,  1.  2,  3,  etc,),  and  has  ten  as  its 
rsdix.  The  system  is  widely  used  in  electronic 
computation  where  electrical  connections  can 

be  used  to  represent  the  binary  conditions,  such 
as,  an  open  relay  means  0*  a  closed  relay 

means  1, 

B I  PROP  ELLA  NT  A  rock  et  prop  pliant  made 
up  of  two  separate  ingredients  which  are  sep¬ 
arately  fed  to  the  combustion  chamber, 

BOLOMETER.—  ! ,  A  very  sensitive  type 
:>t  m  eta  Site  resistance  t  b  ertn  o  m  eter ,  used  for 


measurements  of  thermal  radiation.  2. 


In 


electronics,  a  small  resistive  element  capable 
of  rjyq  si  paring  microwave  power  t  using  the  heat 

so  developed  to  effect  a  change  in  its  resist¬ 
ance.  thus  serving  as  an  indicator;  commonly 
used  as  a  detector  in  low-  and  medium- level 
power  measurement. 

BOOSTER,—  !*  A  high- explosive  element 

sensitive  $a  as  to  be  actuated  by 

small  explosive  elements  in  a  fuze  or  primer 
and  powerful  enough  to  cause  detonation  of 
the  main  explosive  filling.  2,  An  auxiliary 
or  initial  propulsion  system  which  travels  with 

a  missile  or  aircraft  and  which  may  or  may 
not  separate  from  the  parent  craft  when  its 
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Impulse  has  been  delivered.  A  booster  system  in,  and  directly  contribute  to  the  propagation 


may  contain  or  consist  of  one-  or  more?  units,  of  The  process. 


a  fission  chain 


BREEDING  (NUCLEAR'1.— A  process  where-  reaction,  where  the  energy  Liberated  or  par- 

by  a  fissip. ctable  nuclear  species  is  Used  as  a  ticles  produced  (fission  products!  by  the  fis- 


source  of  neutrons  to  produce  more  nuclei  oi 
its  own  kind.  This  is  tile  function  of  a  breeder 


sion  of  an  atom  cause  the  fission  of  other 
tonvic  nuclei,  which  in  turn  propagate  the 


nuclear  reactor  (atomic  pile),  which,  by  -rails-  fission  reaction  In  the -same  manner. 


mutation,  produces  a  greater  number  of  fis¬ 
sionable  ate  ins  than  ‘he  number  of  parent 
atoms  consumed, 

BUBBLE.— The  fireball  formed  in  an  under¬ 
water  nuclear  e^los  i  an ,  which  contains  hoi 

gases  and  vapors.  It  expands  and  bursts  alter 

reaching  the  surface  ol  the  water. 

B  LTRTON  ME  TK  OD  (B  U  R  TONING  -  Na  me 
samel imes  given  to  the  yard  and  stay  method 

of  handling  a  cargo,  A  method  Of  replenishment 

at  sea  wherein  a  winch  on  each  -ship  provides 
power  and  the  single  whips  from  the  winches 

are  shackled  together.  Also,  a  method  of  rig¬ 
ging  tackles  so  that  two  sources  of  power 

are  used. 

CANARD.— A  type  of  airframe  having  the 
stabilizing  and  control  surfaces  forward  of  the 
main  supporting  surfaces,  while  the  main  lift¬ 
ing  Surfaces  arc  rigidly  attached  in  the  aft 
region  of  the  body. 

CAPACITOR*— Two  electrodes  or  sets  of 
electrodes  in  the  form  of  plates,  separated 
from  each  other  by  an.  insulating  material 

called  the  dielectric,  and  used  to  store  an 
electric  charge. 

CARRIER,— In  electronics,  the  carrier  is 


the  basic  r-f  wave  upon  which  other  signals  are 

superimposed  to  transmit  information, 

CATHODE-RAY  TUBE  (CRT).— A  Special 

farm  of  vacuum  tube  used  in  various  electronic 


CHUGGING.— Inter  mitt  ent  burning  of  a  pro¬ 
pellant  which  results  in  low  frequency  pressure 

oscillations.  Algo  called  chuffing. 

CIRCUIT  BREAKER*— An  electromagnetic  or 
thermal  device  that  opens  a  circuit  when  the 
current  in  the  circuit  exceeds  a  predetermined 

amount 

CIRCULAR  ERROR  PROBABILITY  (CEP), 

The  radius  of  a  circle  about  the  aiming;  point 
within  which  there  is  a  50  percent  probability 

of  h  itt  irg .  A1  so  cal  led,  C  i  r  mil  ar  P  r  obabl  c  E  rro  r 
(CPE),  ft  describes  the  hitting  accuracy  of  a 

guided  missile  or  an  artillery  shell, 

C  OAXIA  L  C  AB  LE . — A  tr an  5  mi  s  sion  1  in  e  con  - 
si  sting  of  two  conductors  concentric  with  and 

insulated  from  each  other.  The  dielectric  (in¬ 
sulator)  may  be  either  a  Eolid  or  a  gas. 
Coaxial  cables  are  used  as  trana  miss  ion  lines 

for  radio*  radar,  and  television  signals, 

COLLECTOR.— Electrode  i n a  velocity-mod¬ 
ulated  vacuum  tube  on  which  the  spent  electron 
“bunches"  are  collected,  In  a  transistor,  it  is 
an  electrode  through  which  a  primary  flow  of 
carriers  leaves  the  intcrelectrode  region* 

COMPARATOR,— A  circuit  which  compares 

two  signals  and  indicates  variances  between 
mem.  The  circuit  is  also  known  as  an  "add- 

or -subtract"  circuit. 

CONSOLE.  —A  grouping  of  controls,  indica- 


applicationSj  e*g.,  as  the  picture  tube  Of  a  tors,  and  similar  electronic  or  mechanical 
television  receiver  and  as  an  oscilloscope  equipment,  usually  mounted  on  a  large  table- 
tube*  like  or  panel  type  equipment,  used  to  monitor 

CENTRIFUGAL  FORCE.— A  force  caused  by  readiness  of  and/or  control  specific  functions 

inertia  exerted  on  a  rotating  object  iti  a  direction  of  i  system,  such  as  missile  checkout,  count  - 


outward  from  the  center  of  rotation. 

C  ENTR I P  E  T  A  L*—  Mov  tag  i nwa  rd ,  or  di  r  eeted 
inward,  in  a  sense  toward  the  center. 


down,  or  launch  operations. 

CONTINUOUS  WAVE  (C-W)  RADAR, -A 
s v St e m  m  which  a  transmitter  sends  out  a. 


CHAFF,  —  Electron! aghetlc-r  ftdi  at  ion  re-  continuous  Row  of  r-f  energy  to  the  target. 


Rectors  in  the  form  of  narrow  metallic  strips 


COSMIC  RAYS,— A  highly  penetrating  ra- 


of  various  lengths  and  frequency  responses  diation  apparently  reaching  the  earth  in  all 
used  to  create  radar  echoes  for  confusion  of  directions  from  outer  space.  Experimental  cb- 
enemy  radars.  One  type,  called  rope  or  rope-  starvations  show  that  the  cosmic  rays  entering 
chaff,  consists  of  a  roll  of  metallic  foil  or  our  atmosphere  are  composed  almost  entirely 


wire. 


of  positively  charged  atomic  nuclei. 


CHAIN  REACTION.— In  general,  any  self-  intensity  of  the  rays  decreases  through  eol- 


Bustaining  process,  whether  molecular  or  nq 


li3ion^  with  ether  atomic  particles  while  passing 


clear*  the  products  of  which  are  instrumental  through  the  atmosphere 
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CRITICAL  MASS  OR  SIZE,— The  amount  of 
fissionable  material  that  will  just  support  a 
spontaneous  chfttfi  fe&ccion  power  level.  This 
is  related  to  the  volume  it  occupies,  or  size. 
The  mass  of  material  may  be  referred  so  as 

crlt,  which,  under  a  given  set  of  conditions,  is 
of  critical  size. 

CRUCIFORM,— A  configuration  in  the  form 

of  a  cross  with  legs  90°  apart, 

C  R ysta  l-c ontr  olled  osc  I  ll  a  tor 

An  oscillator  whose  frequency  is  controlled  to 
a  high  degree  Of  RC CUraCy  by  the  use  of  a  quartz 

crystal  This  frequency  is  dependent  on  the 
physical  dimensions  of  the  crystal,  especially 

the  thickness. 


CRYSTAL  MIXER,— A  device  using  certain 
properties  cf  a  crystal  (germanium*  silicon) 
to  mist  two  frequencies. 

CRYOTRON,— A  device  used  for  switching, 
making  use  of  the  fact  that  the  superconductive 
transition  depends  on  temperature  as  well  as 
electromagnetic  field,  A  straight  wire  is  placed 

inside  a  coil  of  different  material  and  cooled  to 
its  superconductive  temperature,  at  which  a 
very  small  voltage  will  cause  a  persistent  cur¬ 
rent  to  flow  through  the  wire,  if  another  cur¬ 
rent  passes  through  the  coil,  the  surrounding 
magnetic  field  causes  the  current  in  the  wire 
to  cease* 


DEAD  RECKONING 
taining  an  approximate 


a  reference  point  -and 
of  winds,  cur  rents,  etc. 


The  process  of  cb- 
>sition  using  a  fix  for 
estimating  the  effects 


DECIBEL-,— A  unit  expressing  rhe  magnitude 
oi  a  change  in  sound  or  electrical  power  level, 
Gue  decibel  (db)  is  approximately  tbs  amount 
that  the  power  of  a  pure  sine  wave  sound  must 
be  changed  in  order  for  the  change  to  be  just 
barely  detectable  by  the  average  human  ear. 


DECONTAMINATION.— The  process  of  re¬ 
moval  of  coin  a  mi  cm  ting  radioactive  material 
from  personnel,  objects,  structures,  or  an  area. 
The-  problem  of  decontamination  consists  es¬ 
sentially  of  reduction  of  the  level  of  radio¬ 
activity,  chiefly  by  removal  of  the  clinging 
radioactive  material,  and  thus  reduction  of 
the  hazard  it  imposes  fo  a  reasonably  safe 
limit.  The  term  can  also  be  applied  to  the 
processes  applied  to  biological  or  chemical 

agents. 

DELAY  CIRCUIT,— A  circuit  which  delays 
hie  starting  of  a  waveform. 

DEMODULA TOR, —A  device  which  derives 
information  from  a  modulated  waveform. 


DETECTOR.— In  electronics,  the  receiver 

stage  in  which  demodulation  takes  place,  sep- 

the  modulation  component  from  the 


received  signal, 
DIER  GOLiC 


'  NON-  HYPER  GO  I  -1C ) 


A 

property  of  liquid  propellants  (oxidizer  and 
fust)  whereby  they  do  not  react  spontaneously 
when  brought  into  contact,  but  require  an 
auxiliary  ignition  system  to  initiate  combustion* 
DISCRIMINATOR,— A  device  (in  electronics) 
used  to  convert  input  frequency  changes  to 
proportional  output  voltages,  For  example,  in 
n  radio  receiver,  the  stage  that  converts  the 
frequency- modulated  signals  directly  to  audio¬ 


frequency  signals, 

DI5TO  RT1  ON In  el  eetr  om  agnetle  s 


the 


production  of  an  output  waveform  which  is  not 
a  true  reproduction  of  the  input  waveform* 
Distortion  may  consisr  of  irregularities  in 
amplitude,  frequency,  or  phase, 

DITHER.— A  signal  of  controlled  amplitude 
and  frequency  applied  to  the  servomotor  op¬ 
erating  a  transfer  valve,  such  that  a  transfer 
valve  is  constantly  being  "quivered*'  and  can¬ 
not  stick  at  its  nulled  position. 

D  DUEL.  E  R  .*—  In  electronics,  a  frequency- 


multiplier  circuit  that  doubles  the  inpul  fre¬ 
quency,  It  Is  often  used  in  missile  transponder 
equipment*  The  transponder  signal  can  thus 
be  distinguished  from  the  ground  transmitter 
signal  that  activated  it,  but  can  fit  ill  be  a 
known  function  of  the  origitial  signal* 

E  LEC  T  R  0  U  AGNE  TIC,  —Port  aining  to  tb  e 
combined  electric  and  magnetic  fields  asso¬ 
ciated  with  radiation  or  witEi  movement  of 


changed  particles.  Elect romagetic  radiation 

includes  the  entire  range  of  radiations  pro¬ 
pagated  by  electric  and  magnetic  fields,  in¬ 
cluding  x-rays,  gama,  ultraviolet,  light,  in¬ 
frared*  heat,  and  radio  rays.  From  the  shortest 
wavelength  (gamma  rsys'  to  the  longast  radio 
waves,  all  travel  with  the  speed  of  light. 

ELECTRONICS,— The  broad  field  pertaining 

to  the  conduction  of  electricity  through  vacuum* 
gases*  or  semiconductor s„  and  circuits  as¬ 
sociated  therewith. 

EMISEIVfTY.—  The  rate  at  which  the  surface 


of  a  solid  or  a  liquid  emits  electrons  wtien 
additional  energy  is  imparted  to  the  free  elec¬ 
trons  in  the  material  by  the  action  of  heat, 
light*  or  other  radiant  energy  or  by  the  impact 
of  other  electrons  on  the  surface, 

ENVELOPE,— In  electronics*—].,  The  glass 
or  metal  housing  cf  a  vacuum  tube;  2.  A 
curve  drawn  to  pass  through  the  peaks  of  a 
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graph  showing  the  waveform  of  a  modulated 
radio  "frequency  carrier  signal. 

EPILATION, -Falling  out  of  the  hair.  Cases 

described  in  this  text  were  caused  by  exposure 

to  nuclear  radiation, 

ESCAPE  VELOCITY,— The  speed  necessary 
to  escape  from  the  gravitational  puil  of  a  body. 
This  L.'i  calculated  at  si?ven  miles  per  second. 
A  projectile  accelerated  from  the  earth's  sur¬ 


face  b  e  low  this 


will  gradually  return 


to  earth  (following  a  ballistic  trajectory)  be- 
cause  of  the  gravitational  pull  of  the  earth, 

EXPLOSIVE  TRAIN  (Explosive  Chain). -In 
missile  armament,  a  series  Of  explosive  el¬ 
ements  including  primer  detonator,  and  booster, 
arranged  to  permit  warhead  explosion  to  be 
initiated  by  relatively  weak  fuze  Signals. 

FAIL-SAFE,  — A  provision  built  into  the 
mechanism  of  a  potentially  hazardous  piece  of 

which  provides  that  the-  equipment 
will  remain  safe  to  friendly  users  even  though 
it  fails  in  Its  intended  purpose.  A  projectile 
fuze  Which  is  armed  with  an  tnertia  setback 
device  & o  that  it  remains  safe  until  accelerated 


in  firing  is  an  example  of  a  fail -sale  device* 
A  missile  de struct  system  which  operates 
automatically  upon  discontinuance  oi  i  control 
signal  is  afaH-  safe  device.  All  nuclear  weapons 

have  fall-safe  appliances* 

FDC — An  accurate  navigational  position 
obtained  by  lines  of  bearing  on  fixed  objects 
or  celestial  observations* 

FLASH  DEPRESS  A  NT, -A  compound  added 
to  solid  propellants  (usually  those  of  granular 
type)  to  reduce  the  intensity  of  the  exhaust 
flame, 

F  LOWM  ETE  R ,  —  An  instrum  ant  used  to  m  e  as  - 
ure  the  flow  rate  of  a  fluid  in  motion. 


in  missile  applications  the  rate  of  fuel  flow 
is  an  Important  matter  m  the  functioning  of 
the  propulsive  system.  Simple  mechanical  de¬ 
vices  often  are  not  usable  because  of  highly 
corrosive  fluids,  or  extremely  cold  fluids  such 
as  liquid  oxygen, 

F-M/C-W  RADAR.— A  radar  which  uses 
frequency  modulation  and  the  pulse  of  continuous 
wave  energy  for  target  tracking.  Frequency 
modulation  is  used  for  determining  target  speed, 
wh  il  e  the  cent  i  juiou  s  wav  e  U  used  ford  el  er  m  ining 


range. 

FREQUENCY, -The  number  of  complete 
cycles  per  second  existing  in  any  form  of  wave 
motion.  In  electricity,  the  frequency  is  the 
number  of  complete  alternations  per  second 
of  an  alternating  current.  The  standard  tn 


the  United  States  is  &0  cycles  per  second. 

lit  acoustics,  the  frequency  represents  the 
number  of  sound  waves  passing  any  point  of 
the  found  field  per  second.  In  light  or  other 
electromagnetic  radiation,  frequency  is  usually 
so  enormous  (500  million  million  per  second 
for  yellow  light)  that  wavelengths  or  wave 
numbers  (reciprocal  of  wavelength  measured 
in  cm)  are  ordinarily  used  instead.  Radio 
frequencies  are  commonly  given  in  thousands 
of  cycles  (kilocycles)  or  millions  ol  cycles 
(megacycles)  per  second. 


For  exa 


e,  15  kc  is  understood  to  mean 


15,000  cycles  per  second*  A  list  of  the  fre 

quenev  designations  follows, 


Very  low , ,  * 
Low  ....... 

Medium .... 

High . . . 

Very  high  . . 

Ultrahigh .  * . 

Super  high*  * . 

Extremely 
high* - - 


vlf ,  * 

.Below  30  kc 

If 

*  30  to 

300 

kc 

mf , , 

,  300  to 

3,000 

kc 

hf  ** 

.  3,000  to 

30,000 

kc 

or  3-30mc 

vhf.  v 

*  30.000  to 

300,000 

kc 

or  30-300mc 

uhf*. 

*  300,  D00  to 

3,000,000 

kc 

or  300-30QOmc 

sbf.  , 

.  3.000,000  to 

30.000,000 

kc 

or  3,000-30, OOOmc 

ehf, , 

.30,000,000  to  300*000,000 

kc 

or  3  0, 000-  -3  00,  D  DOmc 


FREQUENCY  BAND.— A  chanel  of  freqUCli- 
c  LeS  associated  with  a  moduli  ted  ca  r  r  Ler ,  Mod* 
ern  radars  Qperate  in  the  microwave  region 


(ahf). 

FREQUENCY,  CARR1ER.- 


The  frequency  of 


the  unmodulated  radio  wave  emanated  from  a 


radiof  radar,  or  other  typo  transmitter, 

.  SUB  CARRIER.**  In  telemeter¬ 


ing,  an  intermediate  frequency  that  is  mod¬ 
ulated  by  intelligence  signals  and,  in  turn,  is 
used  to  modulate  the  radio  carrier  either  alone 


or  in  conjunct  Loo  with  subcarriers  on  other 

channels, 

FUSE.— A  protective  device  inserted  iti 
series  with  a  circuit.  It  contains  a  metal  that  will 
melt  or  break  when  current  is  increased  beyond 
a  specific  value  for  a  definite  period  of  time. 

FUZE*— A  device  designed  to  initiate  a 
detonation  of  a  weapon  under  the  conditions 
desired,  such  as  by  impact ,  elapsed  tune, 

proximity,  or  command. 

GANG  E  D  D  E VIC  E , — Component  s  so  arrang  ed 

that  an  adjustment  made  to  one  will  cause  the 

same  adjustment  to  be  made  to  all. 
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GANTRY.—  A  device  used  for  erectly  and  Solid  proa  ell  ants  that  are  hygroscopic  must 

servicing  lairge  missiles*  The  large,  crane  b<?  protected  against  moisture. 

IMPEDANCE,^ The  total  opposition  offered 
to  the  flow  of  an  alternating  current*  It  may 

GATE. —An  arrangement  which  permits  consist  of  any  combination  of  resistance,  in- 
radar  signals  to  he  received  in  a  small  selected  ductive  reactance,  and  capacitive  reactance* 


type  structure  travels  on  rails  and  ran  be 
pushed  away  just  before  firing. 


fraction  of  the  principal  time  interval. 


I  NDU  C  T A  NC  ES*  —  The  pr  operty  of  aa  el  OCtriC  al 


GATE  CIRCUIT*- A  circuit  which  passes  circuit  which  fends  to  oppose  any  change  of 

or  amplifies  a  signal  only  on  occurrence  of  current  in  The1  circuit.  The  symbol  for  in- 


a  synchronising  signal* 

GATING (C A THQD E -  RAY  TUBE  )*— A pp ly  l n g 

a  rectangular  voltage  to  the  grid  ur  cathode 


ductance  is 

the  "henrv." 


r  i 


i  1 '  and  the  unit  of  measure  ia 


INNER  BODY. —Any  closed  body,  located  hi 


Of  a  CRT  to  sensitize  it  during  the  sweep  time  a  ramjet  or  Other  duct,  around  -.which  the  air 


only. 


GHOSTS.—  False  echo  images  on  a  radar- 


scope. 

GLIDE  BOMB*- A  winged  missile  powered 
by  gravity*  The  wing  loading  ia  so  high  that 

it 


is  Incapable  of  flight  at  speeds  of  con-  of  ihe  external 


taken  imo  the  diffuser  or  engine  must  flow. 
INNER  LOOP,— In  guided  mis  silo  control 

systems,  the  feecfcack  loop  consisting  of  the 
control  system  and  missile  aerodynamics,  as 
contrasted  to  the  outer  loop,  which  consists 

system  kinematics.. 


g  jiciance 


ventitmal  bombardment  aircraft.  Such  amis 


INTER VALOME TER _ Any  device  that  may 


sile  must  therefore  be  carried  rather  thin  be  set  so  as  to  accomplish  automatically  a 
towed  to  the  point  of  release  above  fhe  target.  series  of  like  actions,  such  as  taking  of  aerial 


GRAIN.— A  mass  of  solid  propellant,  cast  or 
extruded  in  a  single  piece  Or  formed  by  cement¬ 


ing  or  pressing  together  smaller  parts* 


GROUND 


C  LUT  TER .  —  Unwanted 


r  ad  ar 


echoes  from  terrain.  Also-  called  r adar  clutte r . 

GYROPILOT.™- A  form  of  rudimentary  dead 
reckoning  guidance  which  automatically  controls 
a  missile  in  attitude  and  flight  path* 

HEADING*— The  horizontal  direction  in  which 
the  missile  is  pointed. 


HEAT  ENGINE* 


An  engine  which  converts 


heat  energy  into  mechanical  energy 


pho-tographSj  at  a  constant,  predetermined  in¬ 
terval. 

ISOBAR,— One  of  two  atoms  or  elements 

having  the  same  atomic  weights  or  mass  numbers 

but  ■different  atomic  numlcers, 

ISOMER*  NUCLEAR, -One  of  two  or  more 
nuclides  having  The  same  atomic  number  and 

the  samp  mass  number  but  existing  for  meas¬ 
urable  time  intervals  in  different  states.  The 
state  of  lowest  energy  is  called  the  ground 
state:  all  those  of  higher  energy  are  meta  stable 

stales*  The  letter  m  added  to  the  mass  number 
in  the  svmbol  of  the  nuclide  indicates  if  is. 


HEAT  SHIELD*— A  protective  shield  used  a  mofastable  isomer,  as  Br^0m_ 


to  prevent  destruction  of  3  reentry  subsystem 


■JET  .STREAM.  —  In  meteorology,  a  narrow 


by  the  heat  generated  in  passing  back  into  the  band  r>f  high  velocity  wind  in  the  upper  trnpo- 


atinosphere* 


sphere  or  in  the  stratosphere*  One  is  in  the 


HEAVY  WATER,— Water  in  which  the  hy-  northern  hemisphere  in  the  middle  to  northern 
drogen  of  the  water  molecule  consists  entirely  Latitudes,  and  one  is  in  the  southern  hemisphere, 
of  heavy  hydrogen  of  mass  two.  It  is  used 

a  moderator  in  Certain  types  of  nuclear  reactors  hour. 

and  was  essential  in  the  production  of  the 


The  velocity  varies  from  100  tc  500  miles  per 


first  atomic  bombs. 


In  missiles,  the  jet  stream  is  the  stream 

of  combustion  products  (exhaust  gas,  etc*) 
HOT  SPOTS.— Regions  in  a  contaminated  area  from  a  jet  engine*  rocket  engine*  or  rocket 

in  which  the  level  of  radioactive  contamination  motor. 


is  considerably  higher  than  in  neighbor ing 

regions* 


JETTISON  DEVICE*— A  mechanism  for  east- 
ins;  loose  or  dumping  a  missile  from  a  ship  or 


HYDROGEN!  BOMB  or  weapon).— A  “erm  launcher,  to  be  used  in  case  of  a  misfire 

sometimes  applied  to  nuclear  weapons  in  which  or  -similar  mishap  when  there  is  danger  of 
part  of  the  explosive  energy  is  obtained  from  the-  missile  exploding  on  the  ship.  On  a  mis- 
nuclear  lusion  (or  thermonuclear)  reactions.  5 lie,  a  jettison  device  separates  a  section  of 

at  staging  of  a 


HYGROSCOPIC.— Descriptive  of  a  material  thE  missile 


in  flight,  e.^ 


which  readily  absorbs  and  retains  moisture.  ballistic  missile* 
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jp.],  JP-2,  J.P- 5 ,  JP-e. -Kerosene  type  jet 
luels  with  different  flash  point  5  and  burning 

characteristics.  JP-5  is  used  almost  exclu¬ 
sively  by  Navy  jets. 

JP_3,  JFh-4.— Jet  fuels  constating  of  mix¬ 
tures  of  hydrocarbons  hut  with  different  burn- 
ins  characteristics.  is  the  most  commonly 

used  fuel  for  turbojets, 

KILL  PROBABILITY^ A  measure  of  the 

probability  of  destroying  a  Target. 

KNOT,— A  nautical  mile  {approx*  2, QOQ  yd) 
or  1,1516  statute  miles  per  hour,  3t  is  not  a 

measure  of  distance,  but  oi  speed. 

LAUNCH  PHASE,- Thai  portion  of  the  mis¬ 
sile  trajectory  from  takeoff  through  booster 
burnout.  For  multistage  missiles,  it  is  the 
period  from  takeoff  to  first- stage  burnout. 


LAUNCHER,  ZERO  LENGTH. -A  launcher 
that  supports  a  missile  in  the  desired  attitude 
prior  to  ignition,  but  which  exercises  neg¬ 
ligible  control  or  the  direction  of  the  missile's 


travel  alter  ignition, 

LIMITER,— In  electronics,  a  circuit  that 
limits  the  maximum  positive  or  negative  values 
of  a  waveform  to  some  predetermined  amount. 
It  is  used  in  frequency  modulated  systems  to 
eliminate  unwanted  variations  of  amplitude  in 

received  waves. 

LORA N.— Derived  from  LGng  RAnge  Nav¬ 
igation,  An  electronic  navigation  system  in 
whirh  two  or  more  :ixed  transmitting'  stations 


utilize  a  pulse  transmission  technique.  Air¬ 
craft  and  surface  vessels  receiving  the  trans¬ 
mitted  signals  may  determine  ranges  to  the 
stats otis  and  thereby  establish  the  location  of 
the  receiver. 

LOX,— The  commonly  accepted  abbreviation 
for  liquid  oxygen.  The  term  originally  denoted 
liquid  oxygen  explosives  (L  for  liquid,  O  for 
oxygen,  X  for  explosive).  Gaseous  oxygen  is 
often  abbreviated  GOX. 

MAGNETIC  TAPE. -A  tape  or  ribbon  of 
any  material  impregnated  or  coated  with  mag¬ 
netic  or  other  material  or.  which  information 
may  be  placed  in  the  form  of  magnetically 
polarized  dots.  One  use  is  in  missiles  with  a 
preset  or  programmed  flight  pltll. 


MAGNETRON, -A  vacuum-tube  oscillator 
containing  two  electrodes  in  which  the  flow 
of  electrons  from  cathode  to  anode  is  controlled 
by  rtn  externally  applied  magnetic  field.  It  is 

used  to  generate  microwaves  •  ra da r  frequen¬ 
cies)  with  high  output  power. 


MARGIN  OT  SAFETY.— As  used  in  missile 
design,  the  percentage  by  which  the  ultimate 
strength  of  a  member  exceed.'  The  design  load. 


MARRIAGE. -The 

physically  the  missile 


prod e ss 
stages 


of 


uniting 


and  all  lua  )or 


subsystems. 

MEGOHM.— A  million  ohms. 

MEMORY  UNIT.— A  data  storage  device 


contained  in  a  computer. 

MERIDIAN,— A  g  reat  circle  on  the  earth  that 
passes  through  the  poles.  Longitude  is  meas¬ 
ured  from  the  prime  meridian,  which  passes 
through  Greenwich  (near  London ),  England , 
ME V.- Abbreviation  for  one?  million  electron 

volts,  3  unit  of  energy. 

MICRO*— A  prefix  meaning  one -millionth * 

The  abbreviation  is  the  Greek  letter  mu,  ^  . 

MICRON.—  One- millionth  of  a  meter. 

MICROSECOND. -One- millionth  of  a  second. 

MICRQ3YN,— A  name  applied  to  a  small 
type  of  synchro  whose  chief  merit  is  that 

there  arc  not  electrical  connections  to  the  rotor. 
It  can  be  used  u-S  an  inductive  potentiometer. 

MICROWAVES,  —  Extremely  short  radio 

waves  that  are  not  more  than  a  few  centimeters 


in  wavelength. 


MISFIRE. —An  unsuccessful  attempt  to  start 
■a  rocket  motor;  usually  bait  not  always  a  case 


in  which  the  igniter  functions  properly  but  the 
propellant  does  net  ignite  (or  does  Unite  but 

£0C3OUi). 


MIXER. -In  electronics,  a  stage  in  which 

two  quantities  are  combined  to  obtain  a  third 
quantity.  The  third  quantity  contains  the  in¬ 
telligence  of  rh.fr  original  inputs.  Those  quan¬ 
tities  not  further  desired  can  be  filtered  out, 
MODERATOR.— A  material  that  slows  neu¬ 


trons.  Used  chiefly  in  a  nuclear  reactor,  or 
atomic  pile* 

MODULE*— As  used  in  the  automation  and 
electronics  field,  a  single  assembly  of  part  sand/ 


or  components  to  form  a  larger  component  which 
meets  a  functional  requirement  by  performing 

ca.paqi~ 


all  of  tlie  resistive,  inductive, 
tivc  fuii ct ions  of  a  vacuum  tube  circuit, 

As  a  combination  of  components  within  a 
package,  or  so  arranged  that  they  are  common 
to  one  mounting,  that  provide  a  complete  func¬ 
tion  jf  functions  necessary  for  subsystem  or 
system  up e ration.  This  type  of  arrangement 
makes  field  [shipboard  1  repair  simply  n  matter 
of  removing  the  malfunctioning  module  and 
putt L tig  a  new  one  in  its  place.  The  defective 
module  is  returned  to  the  factory  or  other 

competent  agency  for  repair. 
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MOLECULE,— The  smallest  particle  of  any 


NUCLEAR  YIELDS, -The  energy  released  In 
substance  that  can  exist  free  and  still  exhibit  the  detonation  of  a  nuclear  weapon.  Usually 


all  the  properties  of  the  substance. 


measured  in  terms  of  the  ktlotons  or  megatons 


MONITORING.— 1,  The  act  Of  listening  to,  or  trinitrotoluene  (TNT;  required  to  produce  the 
reviewing,  and/or  recording  -enemy,  one3 &  own,  same  energy  release.  Yields  are  categorized 
or  friendly  forces'  communications  lor  the  as: 


purpose  of  maintaining  standards,  improving 
communications,  for  reference  nr  for  enemy 

information,  2,  The  detecting  and.  or  assessing 

of  known  or  suspected  radioactive  hazards, 

6  •  ♦  mm 

using  radiation  measuring  instruments, 

MONOCOQUE,— A  type  of  airframe  construc¬ 
tion  without  framing  which  relies  for  its  rigidity 

primarily  upon  the  surface  or  skin:  a  shell- 
like  structure* 

MULTIPLEX, —Denotes  the  simultaneous 
transmission  of  several  functions  over  one  link 

without  loss  of  detail  of  each  function,  such  as 
amplitude,  frequency,  phase,  or  wave  shape. 

MULTIPLEXER.— A  device  by  Which  two  Or 
more  signals  may  be  transmitted  on  the  same 
carrier  wave. 

MU  LTJ  VI  BRA  TOR,  —A  vacuum  tube  Oscil¬ 
lator  circuit  whose  output  is  essentially  a  square 
wave.  A  practical  application  is  Us  use  as  a 

sweep  generator  in  TV  ur  radar  circuitry* 
NAUTICAL  MILE,— A  measure  of  distance 
equal  to  one  minute  of  arc  on  the  earth's  sur¬ 
face*  The  United  States  has  adopted  the  Inter¬ 
national  Nautical  Mile  equal  to  I ,-652  meters  or 

.20  ft*  an  hour*  Seer  Knot, 

NOMINAL  WEAPON.— A  nuclear  weapon  pro¬ 
ducing  a  yield  of  approximately  20  kilotons. 

Nuclear  yields. 

NUCLEAR  ACCIDENT. — Any  unplanned 
occurrence  involving  loss  or  destruction  of,  or 
serious  damage  to,  nuclear  weapons  or  their 

components  which  results  in  actual  or  potential 
hazard  to  life  or  property. 


Vary  low 
Low  .  .  * 

Medium, 


■  " 


■  ■  s 


+ 


High.  *  * 


,  ,  less  than  i  kiloton 
1  kiloton  to  10  kilotong 

,  *  over  10  kilotons  to 
SO  kilotons 

.  ,  over  5  0  Jcilotong  to 
500  kilotons 
.  ,  over  500  kilotons. 


Very  High  .  ,  .  ,  *  ,  , 

NUCLIDE.  — A  general  term  referring  to  all 
nuclear  species,  both  stable  (about  270)  and  un¬ 
stable  'about  500),  of  the  cher/d  eat  elements,  as 
distinguished  from  the  two  or  more  nuclear 
species  of  a  single  chemical  element,  which  are 
called  isoropes.  Each  species  of  atom  is  dis¬ 
tinguished  by  the  constitution  of  its  nucleus, 
which  hag  a  sped  lied  number  of  protons  and 
neutrons,  and  energy  content* 

0  SCI  LL  OG  RAM,— The  record  pr oduc  ed  by  an 

oscillograph, 

GSCILLOQRAPHY,  —  A  recording  instrument 
for  making  a  graphic  record  of  the  instantaneous 
values  of  a  rapidly  varying  electric  quantity  as  a 
function  of  time  or  some  other  quantity* 

OSCILLOSCOPE,— An  instrument  for  show¬ 
ing,  visually,  graphical  representations  of  the 
waveforms  encountered  in  electrical  circuits. 

OVERPRESSURE.— The  pressure  resulting 


from  the  blast  wave  of 
referred  to  as  fi 


an  explosion. 


It  is 


when  it  exceeds  the 
atmospheric  pressure  and  negative7'  during 
the  passage  of  the  wave,  when,  resulting  pres¬ 
sures  are  less  than  atmospheric  pressure.  It 

is  usually  expressed  in  pounds  per  square  inch 
(psi)  above  the  Standard  atmospheric  pressure* 


NUCLEAR  INCIDENT.— An  unexpected  event  Peak  overpressure  is  the  maximum  over- 

involving  a  nuclear  weapon,  facility,  or  com-  pressure  caused  by  a  nuclear  explosion  at  any 

ponenE,  resulting  in  any  of  the  following  but  not  given  distance  from  ground  Zero* 


PARAMETER*— An  arbitrary  constant,  as 

a  fixed  or  absolute  constant: 


constituting  a  nuclear  accident:  a.  an  increase 

in  the  possibility  of  explosion  or  radioactive 
contamination;  b.  errors  committed  in  assembly,  e,g,f  missile  gross  weight,  Any  desired  numer- 
testing,  loading*  or  transportation  of  equipment,  iral  value  may  be  given  to  z  parameter*  Mach 
and/or  the  malfunctioning  of  equipment  and  number  is  a  characteristic  parameter  used  in 
material  which  could  lead  to  an  unintentional  computations  in  supersonic  aerodynamic  a* 


operation  of  all  or  part  of  the  weapon  arming 


PASS  BAND  .-(Of  a  filter).  That  band  of 


and/or  firing  sequence,  cr  could  lead  to  a  sub-  frequencies  which  are  passed  with  Little  attenu- 
stantial  change  in  yield*  Or  increased  dud  prob*  alion, 

ability;  e*  any  act  of  God*  unfavorable  environ¬ 
ment  or  condition,  resulting  in  damage  to  the 

weapon,  facility ,  or  component. 


PENTODE* —A  a -element  electron  tube. 
PERIGEE,— Point  of  orbit  closest  to  the 
earth.  The  opposite  l&apOgree,  the  highest  point 
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in  the."  trajectory  of  a  missile,  or  in  a  satellite 
orbit,  the  point  that  is  the  greatest  distance 
from  the  center  of  the  earth, 

PETECHIAE,— A  condition  characterized  by 

_ 

small  spots  on  the  skin.  It  i&  caused  by  the 
escape  of  blood  into  the  tissues, 

PHOTON*— A  photon  or  x-ray )  is  a  quantum 

of  electromagnetic  radiation  which  has  a  zero 
rest  mass  and  an  energy  of  h  (Planck's  con¬ 
stant times  the  frequency  of  the  radiation.  Pho¬ 
tons  are  generated  in  collisions  between  nuclei 

or  electrons  and  in  any  other  process  in  which, 
an  electrically  charged  panicle  changes  its 
momentum.  Conversely,  photons  can  be  ab¬ 
sorbed  (l.e*,  annihilated  }toy  an  v  charged  particle, 
PIEZOELECTRIC  EFFECT. -TTie  phenom¬ 
enon  exhibited  by  certain  crystals  of  expansion 
along  onr,  axis  anti  contraction  along  another 
when  subjected  to  an  electrical  field.  Con¬ 
versely,  compression  of  certain  crystals  gen¬ 
erates  an  electrostatic  voltage  across  die  crys¬ 
tal,  Piezoelectricity  is  only  possible  In  crystal 
classes  which  do  not  possess  a  center  of  sym¬ 
metry* 

PILE,— A  nuclear  reactor.  The  term  pile 
COmes  from  the  first  nuclear  reactor  which  was 

made  by  piling  up  graphite  blocks  and  pieces  oi 
uranium  and  uranium  oxide, 

PIP,- -The  indication  on  die  CRT  or  a  radar 
caused  by  the  echo  from  an  aircraft  or  other 
reflective  object.  Also  called  BLIP,  it  may  be 
in  the  form  of  an  inverted  V  or  a  spot  of  light, 
PLANCK'S  CONSTANT  (b)*- A  universal 

constant  of  nature  which  relates  'he  energy  of  s 
quantum  of  radiation  to  the  frequency  of  the 

oscillator  which  emitted  it*  It  has  the  dimen¬ 
sions  of  action  (energy  X  time). 

FLASTICISEiR.— A  material  that  \s  added  to 


a  rocket  propellant  to  increase  plasticity,  work¬ 
ability,  or  to  extend  physical  properties, 

POTENTIAL*— The  amount  of  charge  held  by 

a  body  as  compared  to  another  point  or  body. 
Usually  measured  in  volts* 

PREAMPLIFIER,— A  stage  at  the  input  end  of 
an  amplifier  or  receiver  which  increases  signal 
strength. 

PROPAGATION*— Extending  the  action  of; 
transmitting,  carrying  forward,  as  in  space  or 

time,  through  a  medium,  a*s  the  propagation  of 
sound  or  Light  waves, 

PROPELLANT- WEIC HT  RATIO. —The  r atic 
of  the  weight  of  the  propellant  to  the  takeoff 


weight  of  the  missile.  This  rot Li  is  a  measure 

of  the  efficiency  of  the  missile  configuration  and 


the  missile  power  plant* 


PULSE  LENGTH.— The  time  duration  of  the 
transmission  of  the  pulse  of  energy,  usually 
measured  in  microseconds  or  in  the  equivalent 


distance  in  yards,  miles,  etc. 

PULSE  REPETITION  RATE 
Repetition  Frequency  phf})* 


-'.Also,  Pulse 
These  terms 


refer  to  the  repetition  rate  or  frequency  of  the 
pulses  transmitted  by  radar.  PRR  describes 
the  number  of  pulses  transmitted  per  unit  gf  time . 

PURPURA.— Medical  Term  for  a  symptom 
Characterised  by  the  appearance  of  purple 
patches  on  the  skin  and  mucous  membranes,  due 
to  hemorrhage  in  the  tatty  tissues  beneath  the 


QUANTUM,— A  discrete  quantity  n  f  rath  a  ( iv  e 

energy  equal  to  the  product  of  its  frequency  and 
Planck's  const  ant*  The  equation  is  E  =■  hv*  A 
quantum  of  light  energy  is  a  photon* 

QUANTUM  THEORY,— The  concept  that 

energy  is  radiated  intermittently  in  units  of 


definite  magnitude  railed  QUANTA, 


R-C 


cmcum-An 


abbreviation 


for 


resisianc e- capacitance  circuit. 


Tt  is  one  of 


the  methods  used  to  couple  two  electronic  cir¬ 
cuits  together.  Some  of  the  characteristics 
of  R-C  coupling  are  wide  frequency  response 
and  lower  cost  and  size  than  that  of  transformer 
or  other  inductive  coupling  systems. 

RADAR  PICKET.— Any  ship,  aircraft,  Of 
vehicle  stationed  at  a  distance  from  the  force  Of 

place  protected,  for  the  purpose  of  increasing 

the  radar  detection  range, 

RADAR.3COPE.~The  visual  cathode -ray  tube 
(CRT  !  display  used  with  a  radar  set, 

RADIAC,— A  term  devised  to  designate  var¬ 
ious  types  of  radiological  inessuruif  instruments 
or  equipment.  This  term  is  derived  from  the 
words  'RAdir: activity  Detection,  Indication,  And 
Computation/'  and  is  normally  used  as  an  ad- 


re* 


RADIATION 


INTENSITY.-  The  radiation 


dose  rate  at  a  given  time  and  place.  It  may  be 

used  coupled  with  a  figure  to  denote  the  radiation 
intensity  used  al  a  given  number  oi  hours  after 
a  nuclear  burst,  e.g.,  RI3  «s  die  radiation  in¬ 
tensity  3  hours  after  the  time  of  burst* 

RADIATION  SCATTERING, -The  diversion 
of  radiation  (thermal,  electromagnetic,  or  nu¬ 
clear  i  from  its  original  path  as  a  result  of 
interact  ions  dr  collisions  with  atoms,  mole¬ 
cules,  or  larger  particles  in  the  atmosphere 

or  other  media  between  die  source  of  radiation 
(e*gi,  a  nuclear  explosion)  and  a  point  at  some 

distance  away.  As  a  result  of  scattering, 
radiation  (especially  zamma  ray  a  and  neutrons) 
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will  be  received  at  such  a.  point  from  many 
directions  instead  of  only  from  the  direction  of 
the  source, 

RADIO  FREQUENCY  (RF)*— Any  frequency 

of  electrical  energy  capable  of  propagation  into 

space.  Radio  frequencies  normally  are  much 

higher  than  sound-wave  frequencies, 

RECTIFIERS*— Devices  used  to  change  alter¬ 
nating  current  (a-cj  to  direct  curre-m  (d-c.L 
These  may  be  vacuum  tubes*  semiconductors 
such  as  germanium  or  silicon,  dry- disc  recti¬ 
fiers  such  as  selenium  and  cupper-oxide,  and 

also  certain  types  Of  crystals,  A  full- wave 

rectifier  circuit  is  one  which  utilizes  both  the 
positive  and  the  negative  alternations  of  an 
alternating  current  to  produce  a  direct  current, 


REFLECTION  INTERVAL,  RADAR*- The 
length  of  time  required  for  ?.  radar  pulse  to 
travel  from  the  source  to  the  target  and  return 


to  the  source,  taking  the  velocity  of  m 
propagation  to  be  equal  to  the  velocity  of  light, 
2.998  x  10s  m/sec  or  29&,fl  tn/fi  g, 

RELAY*— In  electronics,  there  are  two  re¬ 
lated  meanings*  First,  the  relay  may  be  an 

electromechanical  device  which,  when  operated 

by  an  electrical  signal,  will  cause  contacts  to 
make  or  break,  thereby  controlling  inc  or  more 


other  electrical  circuits.  The  solenoid  is  the 

basic  mechanism  of  this  type  of  relay.  Second, 

the  relay  may  be  an  electronic  network  to  re¬ 
ceive  and  transmit  information,  Th c r f  i s  u SUul  1  y 


an  amplification  stage  in  the  relay  process. 
RESISTOR,— A  circuit  element  whose  Chief 

characteristic  is  resistance  to  “he  flow  of  elec¬ 
tric  current. 

RESONANCE,— The  Condition  Misting  in  a 
series  circuit  in  which  the  inductive  and  capa¬ 


citive  reactances  cancel  each  other. 


REYNOLD’S  NUMBER. -An  abstract  num¬ 
ber  characteristic  of  the  Dow  of  a  fluid  in  a 
pipe  or  past  an  obstruction,  used  especially  in 

testing  of  scale  model  airplanes  (and  missiles) 
in  wind  tunnels.  It  is  the  ratio  of  the  product 

of  the  density  of  the  fluid,  the  flow  velocity, 
and  a  characteristic  linear  dimension  of  the 

body  under  observation  to  the  coefficient  of 

absolute  viscosity: 


where  Re  is  Reynold’s  number, Pis  density  of 
fluid,  Vis  velocity  of  flow,  L  is  linear  dimension 
of  the  body  in  the  flow,  and  a  is  the  coefficient  0f 
viscosity  of  the  fluid. 


SCALAR  QUANTITY Any  quantity  that  can 
be  described  by  quantity  alone,  such  as  tempera¬ 
ture,  in  appropriate  units,  See  also:  Vector 

quantity, 

SEEBECK  EFFECT.— A  thermocurrent,  de¬ 
veloped  or  ss;  in  motion  by  head:  specifically  an 
eleftne  current,  in  a  heterogenous  circuit,  due 
to  differences  of  temperature  between  the  ] unc¬ 
tions  of  substances  of  which  the  current  is 
composed.  A  thermocouple  produces  a  S rebeck 

effect;  the  two  different  metaLs  in  the  junction 

respond  at  different  rates, 


SERVO- LI NK. — A  power  amplifier,  usually 

mechanical,  by  which  signals  at  a  low  power  level 

arc  made  to  operate  control  surfaces  requiring 
relatively  large  power  input s*  c.g,,  a  relay  and 
s  motor  actuator, 

SHOP. AN.—  Derived  from  the  wards  "SHOrt- 
RAnge  Navigation."  A  precise  short- range 

navigation  system  which  uses  the  time  of  travel 

of  pulse-type  transmission  from  two  or  more 

fixed  stations  to  measure  slant-range  distance 

from  the  stations.  In  conjunct  ion  until  a  suitable 
computer,  is  also  used  in  precision  bombing. 


SLUG*— A  unit  of  mass,  Mass  in  slugs  is 

always  obtained  by  dividing  the  weight  in  pounds 

by  the  acceleration  of  gravity,  32  ft  per  sec 2. 

Turned  around,  we  may  define  unit  force  (the 
pound)  a  a  that  force  which,  applied  to  a  mass  of 

1  slug,  will  five  it  an  acceleration  of  a  foot  per 

second  per  second* 


SPEED  OF  SOUND,— The  speed  at  which 

sound:  travels  through  a  given  medium  under 

specified  conditions.  The  speed  of  sound  at  sea 
Level  in  the  International  Standard  Atmosphere 
is  1108  ft/second*  658  knots,  12 15  km/hour. 
Speeds  are:  sonic,  subsonic,  transonic,  super¬ 
sonic,  hyper  sonic* 


SPEEDGATE.— The  function  of  the  speed - 

gate  is  10  locate  the  target  doppler  signal  and 

track  it,  and  assist  in  guiding  the  missile  on  a 
collision  course.  It  is  a  narrow  band-pass 
filler,  that  sweeps  the  specified  band  of  fre¬ 
quencies  to  locate  the  signal*  It  may  be  called 

a  gate,  and  the  circuit  a  gate  circuit. 


SQUIB,— A  small  pyrotechnic  device  which 

may  be  used  to  fire  the  igniter  in  a  mis 

booster  rocket*  or  for  some  similar  purpose. 

Not  to  be  confused  with  a  detonator,  which  ex¬ 
ploded. 


STAGING,— Act  of  jettisoning,  at  a  pre¬ 
determined  flight  rime  or  trajectory  point,  cer¬ 
tain  mi  a  silt  (or  spacecraft)  components 
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(engines,  tanks,  Rooster  equipment,  staging  iL-ifu id  propellant  when  agitated  or  pumped,  and 
equipment,  and  associated  equipment)  that  are  which,  by  the  addition  of  powdered  metal  such 


no  longer  needed* 


a  a  aluminum,  produces  twice  the  thrust  of  other 


SUPERHETERODYNE. —The  term  ifhetero-  propellants. 


dyne”  refers  to  two  frequencies  mixed  {or beat) 


TONE 


GENERATOR.— An,  electronic  or 


together.  The  frequency  mtxire;  produces  two  mechanical  device  whose  function  is  to  generate 


heat  frequencies 


are  the  sum  and  dlf-  a  frequency  in  the  audio  range 


ference  between  the  two  original  frequencies, 

A  superheterodyne  receiver  is  one  in  which  the 

incoming  signal  is  mixed  with  a  locally  generated 
Signal  to  produce  a  predetermined  intermediate 

.  The  purpose  of  the  superhetero¬ 
dyne  receiver  is  to  achieve  better  amplification 
over  a  wide  T-band  of  incoming  signal  frequen¬ 
cies  than  could  be  easily  achieved  with  an  RF 
amplifier. 

SUPER  REGENERATIVE  SET, -A  type  of  high 
frequency  (VUE,  UHF)  receiver  which  is  ultra¬ 
sensitive*  Advantages  are  extreme  sensitivty, 
simplicity,  and  reliability*  Disadvantages  are 
broadness  of  tuning  (poor  selectivity),  and  re- 
radiation  that  can  cause  interference  in  either 
receiving  equipment. 

SUST  AIMER.— A  propulsion  system  that 
travels  with  and  does  not  separate  from  the 
missile.  The  term  is  usually  applied  to  solid 

propellant  rocket  motors  when  used  astheprtn- 


TR 


BOX , — C  am  mon 


abbreviation 


for 


Transmit -Receive  switch  or  tube.  This  switch, 
or  tube,  permits  the  use  of  a  single  antenna  or 
a  radar  for  transmission  and  reception.  The 
TR  box  prevents  the  absorption  of  the  trans¬ 
mitted  pulse  into  the  receiver  system,  thereby 
protect! a?  the  receiver  circuit  from  damage, 
and  also  prevents  the  transmitter  circuits  from 
absorbing  any  appreciable  fraction  of  the  reflec¬ 
ted  echo  signal.  Also  called  Duplexes 

TRANSCEIVER.— A  combination  radio  trans¬ 
mitter  and  receiver  in  a  single  housing  with 
some  of  the  electronic  circuit  components  being 
used  dually  for  transmitting  and  receiving, 

TR  A  N3  P  QNOER , — A  tr  an  9  m  itter  -  rec  ei  v  e  r 
capable  of  accepting  the  challenge  of  an  inter¬ 
rogator  and  automatically  transmitting  an  ap¬ 
propriate  reply  (to  IFF). 

T  L1  BA  LLOY ,  —  A  c  olloquial  term  which  r e-f er  s 


booster. 


SWEAT 


(TRANSPIRATION 


clpal  propulsion  system,  as  distinguished  from  to  natural  uranium  or  to  metal  which  is  com¬ 
an  auxiliary  motor  or  booster.  However,  it  posed  almost  entirely  of  U-238.  It  is  a  con- 
$0  me  time  ft  denotes  any  missile  stage  except  lh*  traction  of  frTube  Alloy/'  a  code  name  used 

originally  to  mean  naturally  occur  ring  uranium 
which  is  not  easily  fissioned. 

UMBILICAL  CORD. -A  cable  fitted  with  a 
quick  disconnect  plug  at  the  missile  end,  through 
which  missile  equipment  is  controlled,  moni¬ 
tored,  and  tested  wfrtle  the  missile  is  still 
attached  to  the  launcher. 

VECTOR,— A  tine  used  to  represent  both 

direction  and  magnitude. 

VELOCITY,— Time  rate  of  change  or  dis- 

,  Velocity  is  a  vector  quantity.  The 


A  technique  for  cooling  combustion  chambers 
or  aerody nami eally  heated  surfaces  by  forcing 
coolant  through  a  porOuS  wall.  Film  cooling  at 

the  interlace  results. 


TERMINAL  VELOCITY 


1. 


Hype  thetical 


maximum  speed  a  body  could  attain  along  a  spe¬ 
cified  flight  path  under  given  conditions  of  weight 
and  thrust  if  diving  through  an  Unlimited  dis¬ 
tance  in  air  of  specified  uniform  density. 

2.  Remaining  speed  of  a  projectile  at  the  point 
In  its  downward  path  where  it  is  lev?;  with  the  magnitude  is  expressed  in  unit  a  of  1  ength  df  v  food 
muzzle  of  the  weapon*  by  time,,  and  the  direction  is  given  relative  to 

THEODOLITE.— An  optical  instrument  used  some  frame  of  reference,  such  as  fixed  axes  of 

lor  measuring  angles*  the  earth. 

TNT  EQUIVALENT.— A  measure  of  the  en-  VERNIER.— A  measuring  dev  ice  used  for  fine 

ergy  release  from  a  detonation  of  a  nuclear  and  accurate  measurement,  consisting  of  a 

weapon,  or  from  the  explosion  of  a  given,  quan-  short  scale  made  to  slide  along  the  divisions  of 


tity  of  fissionable  or  fosionable  material,  in  a  graduated  instrument,  to 

terms  of  the  amount  o£  TNT  (trinitrotoluene)  divisions. 


parts  of 


which  would  release  the  same  amount  of  energy 

when  exploded. 

THIXOTROPIC  PROPELLANT.- A  propel- 


V ERNIE R  ENGINE,— Rocket  engine  (usually 
liquid)  used  to  adjust  the  final  velocity  of  a  long- 
range  ballistic  missile.  The  engines  are  also 


lant  of  gel -like  consistency  which  flows  like  any  used  to  correct  heading  errors. 
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VIDEO,— The  term  is  applied  to  the  frequency 
band  of  circuits  by  which  visual  signals  are 
transmitted.  The  term  “  video' h  is  also  used 
when  speaking  of  a  very  wide  band  of  frequen¬ 
cies,  including  and  exceeding  the  audio  band 
of  frequencies. 

WEATHERCOCK  STABILITY.-!.  An  aero¬ 


dynamic  characteristic  of  a  body  which  [joints it 
into  the  relative  wind*  z,  (Arrow  stability; 

The  partial  derivatives  of  yawing  and  pitching 
moments  with  respect  to  angles  of  attack  in  yaw 

and  pitch, 

X- axis  .—A  horizontal  axis  In  a  system  of 
rectangular  coordinates:  that  line  :m  which  dis¬ 


tances  to  the  right  or  left  (east  or  west)  of  the 

reference  Une  are  marked,  especially  on  a  map 

Or  chart. 


Y-AXIS.— A  vertical  axis  in  a  system  of 

rectangular  coordinates;  that  line  On  which  dis¬ 
tance  above  or  below-  (north  or  south)  the  ref¬ 
erence  line  are  marked,  especially  on  a  map. 
chart,  or  graph. 

YAW, —An  angular  displacement  about  the 
yaw  axis  of  a  missile, 

ZENITH.— The  point  in  the  celestial  sphere 

directly  above  the  observer. 

ZERO- LIFT  TRAJECTORY.— A  trajectory 
which  is  independent  of  aerodynamic  lilt. 


AA  problem,  253-260 
Absolute  temperature,  70 
Acceleration^  33,  2  31-2  38 
Accelerometers,  161.  231-238 
Actuator  units,  missile  control 


systems,  132-144 

Aerodynamic  forces,  29 

Aerodynamics  of  supersonic  missile  .light. 

Ailerons,  40 

Air  blast,  319 

Air  buret,  296*  304,  341 

Aircraft  missile  systems ,  205-267 

Air  flow  over  a  wing  section,  29 

Airfoils,  31 

Air  Force  missiles,  15-17 

Airframe,  51-54 

Airspeed  transducers,  118 
Alpha  radiation,  276 
Altimeters,  117 
Amplifiers,  151-154 

Antennas,  beam- rider  guidance ,  1ST 

Army  missiles,  14 

Atmosphere,  effect  on  missile  flight,  24 

Atomic  demolition  munitions,  298 

Atomic  Energy  Commission,  309 

Atomic  research,  288 

Atomic  structure,  270 

Atomic  table,  259.  2  70 

Atomic  warfare  defense.  336-340 

Atomic  weights  and  bibliography,  345 
Attitude  control,.  97 
Automatic  sextant,  242 
Auxiliary  power  supply,  51 

Auxiliary  power  supply  unit* 
missile  control  systems,  10-1-105 


Ballistic  missiles,  2  2  9  -  £  o  3 

Ballistic  trajectory,  4B 
Ballistite,  94 
Barium,  335 
Barometric  switch.  296 
Batteries  used  in  guided  missile®  for 
auxiliary  power  supply,  105 


Beam-rider  guidance.  156,  181-204 

application  to  Navy  missiles,  161 

compared  to  command  guidance,  IB  1 
components,  181 

launching  station  components.  182 

missile  components,  1B2-1B4 

target,  184 
limitations,  203 
opera  t  ion  of ,  196-203 
control  radar,  198 
one-radar  system,  200-202 
stabilization,  199 
tracking  radar,  197 

two- radar  system,  202 

principles  of,  184-195 

control  and  tracking  radar 

transmitters,  194 

/ 

guidance  antennas,  184-  188 
over-che-horizon  radar,  195 
scanning,  189-194 
radar  beam,  19  3 
Beam- rider  trajectory,  48 
Beta  radiation,  276 
Bibliography  for  nuclear  weapons 

orientation,  343 

Binding  energy;  mass  defect,  282 
Blast  damage,  304 
Blisters,  325 
Bolometer,  212 

Bombs,  297 
"Bone  seekers",  335 
Boyle's  law,  71 

Bums,  radiation,  325 
Bursts,  nuclear,  304  ,  331,  340 

Campind,  7 

Celestial -navigation  guidance,  160 

Cerium,  335 

Cesium,  336 

diaries1  law,  71 

Chemical  detectors,  214 

Chemical  versus  nuclear  reactions,  275 

Chemical  warheads,  58 
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Choppers ,  128 

CoiflbiTiat la  n  trajectory,  46 

Combustion  chamber.  missile  propulsion 

system*  74 

Command  guidance  systems,  156,  163-160 

components,  169 
definitions ,  169 
functions ,  171 

future  of;  173 

launch lug  station  components,  176 
operation  of.  170 

command  links,  170 
■  Information  links,  170 
purpose  and  applications,  169 
transmitters,  172 
types  of,  L72-1BO 

hyperbolic,.  173 

radar  command,  173.  178,  150 
radio,  173-177 
television,  172,  177 
Command  links,  command 
guidance  systems,  170 

Composite  guidance  systems.  159.  228 
use  in  preset  guidance  system,  226 

Computer,  missile  course,  176 
Computer  using  specific  velocity.  234 

Contra, ting  devices,  missile  control 

systems j  97.  160,  123-129 
function  and  requirements  124 
op  er ating  prtnc  Epic  s ,  128 

types  Of*  125- 126 

Constant-dive -angle  system  for  missiles.  233 

Control  and  tracking  radar  transmitter 
beam -rider  guidance,  194 
Control  components  and  systems,  37-144 
actuator  units,  132-144 
auxiliary  power  supply  unit.  101-105 

computing  devices,  123-129 

control  action,  types  of,  100 
contro  1  sy  ste  m  s .  100 

controller  units,  129-132 
definitions,  9  7 
energy  sources,  101 

factors  contro  lied ,  99 
methods  of  contro  1,  99 
missile -control  servosvstem,  105-106 
picko  ff  s,  119-123 

purpose  and  function,  96 

reference  devices,  108- 11. 3 
sensor  units,  113-119 
Controllers  and  actuators,  154 
Control  matrix,  159 
Control  radar,  beam-rider 
guidance,  195 
Coriolis  force.  50 


Cruciform,  45 

Cruisers,  guided  missile.  249-251 


Damage'  from  nuclear  weapons.  SIS- 333 
areas,  317 

ashore,  318 
blast.  319 

compared  with  chemieaL  explosion.  317 
drag,  320 

e-ye  damage,  326 

nuclear  radiation,  333 
ship  damage,  316 
shock,  321 

thermal  rad  iat  ion ,  324 


zones,  318 


Defense  Atomic  Support  Agency,  300 

Degressive  burning.  93 

Dc-iivt  ry  systems  and  techniques,  396 

Destroyers,  guided  missile,  2&1-253 

Diaphragm  timer®.  HI 


Diffusers,  79 
Dirt  cloud,  308 

Doppler  homing  equipment. 

Doppler  principle,  ISG-163 
Doppler  radar,  168 


Drag,  32 

Drag  damage,  320 
Drag  reduction.  44 
Ducted  propulsion  systems,  80-86 
Dummy  warhead.  59 


Earth's  magnetic  field.  164-166 
Electrical  control  system,  133,  141 
Electrically  damped  accelerometer,  163 

Electrical  timers,  109 
E 1  q etroni c  o'ese rv ation ,  com  ms  nd 

guidance  systems,  170 

Elevators.  40 

Energy  sources,  missile  control 
systems .  101 

Error  signals,  missile  control 
systems.  106 
Exercise  warheads ,  39 
Exhaust  nozzle,  jet  propulsion 

systems,  74-76 
Exhaust  vanes,  42 

Explosions,  303 
Eye  injuries,  326 

Fallout,  330 

Fallout,  protection!  from,  333 
Feedback  systems,  154 
Feed  systems,  liquid-fuel 

rockets,  38 
Fin  designs,  46 
Fire  storm,  32  7 
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fission  weapons,  290 

Flash  dtpresser,  94 
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